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Course Objectives

The objective of this course is not to serve as an exhaustive reference work. Indeed,
comprehensive studies already exist on specific topics such as XML, RDF, RDFS, SPARQL or
OWL. Moreover, the field of the Semantic Web does not necessarily require a complete
textbook, since definitions, specifications, and practical guides are widely available online. We
therefore adopt an approach focused on presenting the fundamental concepts and key
techniques, providing sufficient detail to enable students to master the essential notions and
to develop their own applications in a constructive and independent manner. To reinforce this
learning process, the chapter also includes practical exercises and hands-on activities designed
to help students apply the concepts and consolidate their understanding through practice.
The course presents the principles of automatic reasoning, enabling systems to infer new
knowledge from existing information and supporting consistent decision-making. The course
also covers the logical foundations necessary for formal knowledge representation, including
classical logic and description logic, which are essential for defining relationships between
concepts and specifying constraints on data.

Concrete applications of ontologies are illustrated across multiple domains, including
the Semantic Web, the Internet of Things (loT), healthcare (e.g., SNOMED CT for disease
classification), and industry, demonstrating how ontologies facilitate interoperability,
consistency, and logical reasoning over complex knowledge bases.

Level of study

This course targets Master 2 students specializing in Information and Communication
Technologies (ICT).

Assessment procedures

Students will be assessed based on practical work and workshop activities. A final exam will
be held at the end of the module.

Prerequisites for the Course

Students are expected to have a basic understanding of graphs and networks, which are
essential for knowledge modeling. They should also be familiar with how the Web functions,
including HTTP, HTML, and URLs. A foundational knowledge of formal reasoning, inference,
and proof concepts is required, along with familiarity with propositional logic and first-order
logic. Finally, students should have experience with a programming language such as Java or
Python.
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1. Chapter 1 : Introduction to Ontologies

Humans access the world by naming it. In their earliest encounters with the world, they
spontaneously assign words to things based on their lived experience: a flame can be joy or
pain, depending on the emotion that accompanies it. Gradually, they abandon this intimate
naming to adopt the common language imposed by society, thus integrating their unique
experience into the collective symbolic order. Through language, humans weave a symbolic
web, the fabric of their world. Each symbol refers to a part of their experience; Each experience
shades a thread and gives it depth. Gradually, this web becomes a representation of reality: a
memory of experiences, an organisation of knowledge, and a support for reasoning.
Emphasizing certain aspects of our perception, with the primary goal of understanding its
behavior. When words fail, humans resort to metaphors or images to give form to what they
perceive. The image then acts as a temporary substitute for the word, allowing them to
inscribe the experience in the symbolic web and share it with others. Thus, each individual
builds a true personal ontology throughout their life, rooted in their emotional and sensory
memory. To communicate and share, they must align this intimate ontology with those of the
community. This shift from the individual to the collective is the foundation of knowledge
interoperability—between humans, but also between humans and machines in Al and the
Semantic Web. The human brain is distinguished by its ability to generate different ontologies
based on its domains of experience, and to align them almost instantly with those of others.
This conceptual adaptability is at the heart of communication. But transposing it to the digital
world remains a challenge: we are still struggling to equip machines with algorithms capable
of creating and aligning contextual ontologies with the flexibility, speed, and finesse of the
human mind. Can we ever teach this plasticity, or will it remain a unique privilege of the human
mind? SABRI LYAZID

1.1. Ontology: What exactly are we talking about?

Ontologies are widely used in knowledge engineering, artificial intelligence, and computer
science, in applications related to knowledge management, natural language processing,
information retrieval, database design and integration, bioinformatics, education, e-
commerce, intelligent integration of information such as sensor data, electronic medical
records, and in new emerging fields such as the Semantic Web. Thus, ontologies help solve
several significant problems that hinder communication between or among people/robots,
organisations, and/or software systems. Indeed, due to different needs and contexts, there
may be different perspectives and assumptions regarding what is essentially the same topic.
Thus, each uses a different vocabulary and each may have different concepts, structures, and
methods that overlap and/or do not match. The resulting lack of shared understanding leads
to poor communication within and between these people/robots and their organisations.
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1.1.1.  What exactly are we talking about

The term “ontology” is used with different meanings across various communities. Among
philosophers and computer scientists, particularly in knowledge engineering, the
interpretations diverge significantly. In knowledge engineering, ontology is understood as a
discipline that enables the development of digital artifacts capable of encoding and conveying
meaning. Leveraging mathematical foundations, knowledge engineering employs logical
formulations for the formal manipulation of symbols and, consequently, for processing
meaning. We will explore ontologies in greater detail throughout this document.

To better understand, let us first consider the concept of knowledge and its characteristics.
Although definitions vary, we adopt the perspective that knowledge allows the mind to
construct action plans or strategies beyond the immediate demands of a situation. Hadot
(1969) emphasizes the principle of acquiring self-knowledge to design one’s own happiness.
Similarly, the Roman philosopher Marcus Aurelius (121-180 CE) asserts that our power resides
within the mind, not in external circumstances. Furthermore, careful observation of the
environment enables us to discern what is beneficial, feasible, or harmful, rather than reacting
solely based on emotions or external constraints.

Historically, philosophers of the 18th century viewed knowledge as the natural ability to
perceive and distinguish phenomena. Two centuries later, knowledge was further defined as
the contribution of thought to external reality, linking the concept to truth as the adequacy
between mind and object.

In the context of modern big data, confusion often arises between data, information, and
knowledge. For instance, consider the example provided by Xavier Aimé and Frank Arnould: a
heat source is thermal energy for physicists. This energy triggers chemical, mechanical, and
other reactions, making it a factual phenomenon. However, it is neither data (not directly
observable), nor information (requiring interpretation), nor knowledge (not yet assimilated).
The sensation of heat perceived by our sensory receptors constitutes data. Interpretation of
this data generates information, while reflection and experience transform it into knowledge—
for example, associating a burning heat source with avoidance behavior. The organization and
formal representation of such knowledge require structured mechanisms, the pinnacle of
which are computational ontologies. These ontologies enable the systematic encoding,
sharing, and reasoning over knowledge within digital systems.

1.2.  Stoicism, Knowledge, and Understanding of the
World

You must be the designer of your own future; detach yourself from your past. While the past
can serve as a refuge to justify failures, it only holds power over you depending on the meaning
you have assigned to it. Humans are not affected by events themselves, but by their
interpretation and the judgments formed about these actions and external occurrences. Every
experience and failure can reveal a hidden capacity within you—an innate vocation or power.
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A key to shaping the future is therefore to overcome challenges by understanding the present
and learning from the past. As Thomas Edison famously said, he did not fail to light a bulb after
hundreds of attempts; rather, he discovered hundreds of ways that did not work.

From the Stoic perspective, logic studies the conditions for accessing knowledge!. Awareness
and understanding allow us to distinguish between self-knowledge and comprehension of the
world, thus enabling the free design of our actions.

Throughout history, humans have used simple tools to facilitate cognition: stones for counting
or memory, for example, allowed knowledge to be constructed without mastering arithmetic
operations. Similarly, a flame can be interpreted in multiple cognitive ways: as a source of heat,
light, burns, or fire. These examples illustrate that knowledge emerges through interpretation
and understanding of the phenomena around us, not merely from their existence.

1.3.  Concepts in Cognitive Science and Knowledge
Representation

Understanding what a concept truly is constitutes a fundamental step in any scientific inquiry.
Before addressing complex theoretical or computational models, it is necessary to clarify how
human beings define, structure, and relate concepts to one another. Concepts form the
foundation upon which all reasoning, theories, and representations of knowledge are built.
They serve as mental tools that allow us to categorize experience, interpret phenomena, and
communicate meaningfully about the world. The following sections explore this notion from
complementary perspectives, psychological, philosophical, linguistic, and neuroscientific, to
show how the definition, reference, and validation of concepts shape both human cognition
and artificial knowledge systems.

1.3.1.  Defining Concepts

Concepts are the basic building blocks of all theories, models, and scientific discourse.
According to the American Psychological Association (2015), attention is defined as a state in
which cognitive resources focus on certain aspects of the environment, while the central
nervous system remains ready to react to stimuli. From this definition, two key ideas emerge:

1. The mind selectively focuses on some stimuli rather than others.
2. The mind is prepared to react to these stimuli.

Thus, each concept should be specific and context-dependent. For example, listening or
observing allows the mind to pay attention selectively, either visually or auditorily, to certain
stimuli.

Memory, another essential concept, allows us to associate past experiences (autonoetic self-
knowledge) to relive them in the present and even anticipate future events. Questions arise

1 https://la-philosophie.com/le-stoicisme
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regarding animals as well: can they possess episodic memory similar to humans, i.e.,
experiences situated in space, time, and emotion?

1.3.2. Meaning and Reference

Philosophical insights help clarify the distinction between meaning and reference. Klein
suggests that measurement can establish a concept's reference but not its meaning. Frege
(1892) defined meaning (Sinn) as a mode of access to denotation (Bedeutung). For instance,
the same individual can be identified as a doctor, a husband, or a teacher, depending on
context, while an object like a table can refer to a work desk or a café table.

1.3.3.  Scientific vs. Vernacular? Terms

A semantic shift often occurs when everyday language is adapted for scientific use. Scientists
aim to make complex concepts and theories accessible to non-specialists, which can simplify
or alter their original meaning. Francken & Slors (2014) suggest that scientific concepts can be
subdivided into sub-concepts, emphasizing that concepts rarely exist in isolation. Rather, they
form hierarchies or networks of semantic relationships. Consequently, a concept's definition
depends on its position within this network.

1.3.4.  Cognitive Neuroscience and Concept
Validation

Modern cognitive neuroscience provides tools to observe how the brain represents concepts.
By examining brain activation during object recognition or memory tasks, researchers can infer
which cognitive processes correspond to specific concepts. Techniques such as fMRI
(functional magnetic resonance imaging) or PET (positron emission tomography) reveal the
relationship between cognition and brain structures. Integrating data from genomics?,
proteomics®, and psychiatric studies further enhances our understanding of complex cognitive
functions (Xavier Aimé & Frank Arnould). It is obvious that Franz Gall's theory (1809), which
introduces the principle of phrenology®, should be avoided.

1.3.5. Implications for Knowledge Representation

The interplay between philosophical definitions, cognitive science, and neuroscience has
direct implications for knowledge representation. Understanding concepts, their meaning,
and their hierarchical organization is crucial for building computational ontologies, designing
artificial intelligence systems, and modeling human cognition.

2 What is related to the language or culture of a country, a group, or to local/traditional practices

3 Study the DNA sequenc

4 Study the proteins in a cell, tissue, organ, etc.

5 A science that studies and evaluates human intellectual and moral faculties by inspecting the bumps on the
head (https://www.cnrtl.fr/definition/phrénologie). It assumed that instincts, character, aptitudes, and mental
and emotional faculties were, by virtue of cerebral localizations, conditioned by the external shape of the skull.
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1.4. Bibliographic Databases

Databases continue to grow (think Big Data). However, querying these reservoirs relies
on coherent relationships between concepts (we speak of equivalence relationships, hierarchy;,
etc.). Thus, the possible semantic relationships between concepts are not sufficiently explicit.
One way to share these concepts and enable better knowledge extraction is to find standard
terminologies by building consensus within scientific communities. Thus, this type of
controlled vocabulary will describe the data in a very formal and semantically rich manner. This
data (we are actually talking about knowledge) will be exploited more or less easily by
machines. This is precisely the role offered by ontologies in knowledge engineering, a branch
of artificial intelligence. The latter will enable the design of knowledge representation systems.
Many existing ontologies that are gaining popularity now, such as medical ontologies, Drug
Ontology (DRON), Symptom Ontology (SYMP), and Human Disease Ontology (DOID), Genetic
Ontology (GO). The development of the semantic web aims to link multiple pages, particularly
data on the network. Thus, ontologies can be a solution in different fields to formalise concepts
and their relationships. As very well pointed out by Eisenberg et al. 2019, ontologies constitute
a research tool and are selected as a real additional source of scientific discoveries. They will
facilitate the clarification of concepts, in particular cognitive concepts and their relationships.

So knowledge is generated following a perception that will gradually become based on
descriptive properties (either through words) or functional properties linked to already
acquired knowledge, allowing the construction of a semantic network.

1.5.  Philosophical Origins of Ontology

The term ontology, a pivotal concept in the history of ideas, first appeared in 1606 in the
writings of Jacob Lorhard. His work reflects contemporary debates on the relationship
between scientific inquiry and religious belief, while also providing a bridge to the intellectual
landscape of the past. Lorhard’s distinction between what depends on the rational mind and
what belongs to the real world—though not yet between the abstract and the concrete—
marks a key milestone in the evolution of ontology. A few years later, Rudolf Goclenius (1613)
revisited the term in a study on being, its categories, and its fundamental relations.

Among scholastic philosophers, ontology held a distinctive role as both a theory and a
methodology of thought. It sought to structure the categories of being and to define a
universal framework for reasoning. From its very beginning, ontology thus combined two
perspectives: a philosophical reflection on being and a methodological tool for organizing
knowledge.

1.5.1.  From the Philosophical Framework to
Artificial Intelligence

The emergence of artificial intelligence (Al) has renewed interest in the concept of ontology,
notably through the work of John McCarthy (1980). McCarthy proposed adopting ontology as
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the foundation for representing common-sense knowledge—the everyday knowledge
required for machines to reason.

For instance, modelling the concept of a boat involves specifying not only that it can be used
to cross a river, but also that certain conditions may prevent its use. This requires introducing
into the ontology not only the category boat, but also categories related to its possible
limitations or malfunctions. As McCarthy observed: “Using circumscription requires that
common-sense knowledge be expressed in a form that says a boat can be used to cross rivers
unless there is something that prevents its use... We must therefore introduce into our
ontology categories that include something wrong with a boat or conditions that may
prevent its use.”

From this point onward, ontology ceased to be merely a conceptual framework and became
a practical instrument for knowledge engineering, providing structured foundations for
reasoning systems in Al:

e Facilitates knowledge sharing,
* Promotes interoperability between systems,

* Provides a basis for formalising logical theories in Al.

1.5.2.  Meaning of Meaning®

The semiotic model of the semantic triangle proposed by Ogden and Richards (1923) illustrates
the relationship between sign, referent, and concept. It highlights the linguistic foundation of
ontology, where terms of natural language must be systematically linked to the conceptual
entities they denote. Ogden and Richards, with The Meaning of Meaning, show that meaning
is a triangular relationship: word — concept — thing. The word has no direct link with reality: it
is via thought (reference) that we establish the relationship. Words do not ‘'mean’ (i.e. relate
directly to) things in the world. They are symbols, which 'symbolise' a thought or 'reference’.
This thought in turn 'refers to' (or 'is of') something (a thing or event) in the world, which they
term the 'referent’.

6 https://pure.mpg.de/rest/items/item 2366948/component/file 2366947/content
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Thought or reference
Reference (thought) (Memory, lived and

observed)
Symbolise X (Other
(Causal (@o causal relation)
relation)
Symbol Stands for Referent
(Terms, evoking the referent via (Imputed relation) Perceived objects (e.g..
reference) sign, smoke, image, etc.)

e Ogden and Richards aim to clarify the notion of meaning in language.

* They distinguish language as a system of signs and its relationship to thought and the

world.

* Their goal: to avoid philosophical and linguistic confusion about what "meaning" means.

Ogden and Richards emphasize that meaning is not an inherent property of words, but the
outcome of a triangular relationship between:

1.

2.

The symbol — the linguistic sign (e.g., the word tree),
The thought or reference — the mental concept evoked by the word,

The referent — the real-world entity (e.g., the tree in the garden).

1.5.3. Key Contributions of Ogden and Richards

The triangle corrects the simplistic view of the sign as a direct word—thing relation.

It highlights that meaning emerges from the interaction between language, thought,
and the world.

It helps explain key linguistic phenomena:
o Polysemy: a single word can activate multiple concepts.
o Misunderstandings: occur when mental references are not shared.

o Abstract symbols: words that lack a direct referent (e.g., justice).

This perspective is crucial for ontology building, as it shows why formal models must mediate
between symbols, concepts, and real-world entities.
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1.5.4. 10T /Al Example of an Abstract Symbol

* Symbol (word, sign): "Smartness" (intelligence of a system, or "intelligent" applied to a city,
a vehicle, a house, etc.).

» Reference (thought, concept): the general idea of a system capable of capturing data,
reasoning, learning, and adapting.

* Referent (perceived object / real world): there is no single concrete object. This could refer
to a sensor network, an Al platform, a contextual service—but the word does not directly
point to a single physical object (unlike "sensor" or "camera").

1.6. Controlled vocabulary, terminology, taxonomy
and thesaurus

In knowledge organisation, several structures help standardise and relate concepts.
Controlled vocabularies, terminologies, taxonomies, and thesauri represent successive levels
of complexity, from simple lists of terms to rich semantic networks.

1.6.1.  Vocabulary

Within the framework of RTOs (termino-ontological resources), must respect certain
minimum constraints. On the one hand, when the same term is used to designate
two distinct concepts depending on the context, it is necessary to adjust the naming
of the concepts to eliminate any ambiguity. On the other hand, when several terms
refer to the same entity or notion, it is appropriate to retain a preferred term and to
consider the others as synonyms.

Examples

o Temperature sensor: can be called thermometer, thermal sensor, temp
sensor.

We choose "temperature sensor" as the preferred term; the others become
synonyms.

o Concept: Car
Terms used: car, automobile, auto, private vehicle

In the RTO, we choose a preferred term (e.g., automobile) and declare the
others as synonyms.

1.6.2.  Controlled vocabulary:

A set of terms standardized and validated by a community, without a hierarchical structure
(e.g., glossary). A controlled vocabulary is an information organization tool based on a
restricted and standardized list of authorized terms for indexing, categorization, or tagging. Its
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function is to ensure consistency, particularly when used by multiple indexers, by limiting the
introduction of new terms according to established rules and by integrating cross-references
between preferred and non-preferred terms. It thus allows the selection of a single term when
there are several synonyms for the same concept, in order to avoid dispersion and ensure
consistency in research. Unlike a glossary, a controlled vocabulary does not provide term
definitions or a hierarchical organization; its role is solely normative and functional. It can take
the form of authority files (especially for named entities) or synonym rings (when no term is
preferred but several variants are related). Particularly useful for indexing databases,
periodicals, or web pages, controlled vocabulary improves the relevance of searches by
reducing ambiguity and harmonizing documentary language. Combined with search engines
and automated indexing, it provides an effective and economical intermediate solution
between exhaustive manual indexing and free-text searching.

1.6.3. Terminology

Terminology refers to the study and use of terms that express notions or concepts in a given
field. It helps structure and understand the world, while facilitating communication and
information sharing through a clear and precise vocabulary. Terms are organized into systems
of conceptual relationships, of which hyperonymy (the relationship between a generic term
and specific terms) is central, but which also include hyponymy, synonymy, antonymy, and
partonymy. Thus, terminology contributes to building a controlled language that organizes
knowledge and ensures its common interpretation.

1.6.4. Taxonomy

The term taxonomy in ancient Greek means (taxig: oredre, classification) and nomos to
designate rule and law (administrate). Thus, taxonomy originally referred to the science of
classification, particularly of plants and animals, but it is now used to designate any hierarchical
system of organisation or categorisation. In this sense, a taxonomy can be considered a
controlled vocabulary structured into levels of generality (general terms / specific terms),
without necessarily meeting all the requirements of a thesaurus. There is increasing talk of
enterprise taxonomies, which bring together controlled vocabularies adapted to
organisational needs. Conceptually, a taxonomy of concepts corresponds to a set of notions
organised by subsumption relationships (or Is-A relationships), where each instance of a class
is also an instance of its superclasses. It therefore allows the world to be represented
hierarchically and coherently, facilitating the classification, communication, and reuse of
knowledge. For example, in loT: “Sensor” = “Temperature Sensor” = “Infrared Sensor”.

1.6.5. Thesaurus

A thesaurus (from the Latin thesaurus, "treasure") is a structured, controlled vocabulary
designed for indexing and document retrieval. Unlike a simple dictionary or a general-
language thesaurus, it does more than provide synonyms: it organises terms according to
hierarchical (generic term/specific term), equivalence (synonyms or near-synonyms, with a
mention of preferred terms), and associative (related terms such as chair/table,
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doctor/hospital) relationships. It also provides application notes to clarify the use of terms,
ensuring greater consistency in information representation and retrieval.

A thesaurus is thus similar to an ontology, but it differs in its linguistic nature: it links terms,
while an ontology links concepts and formalises their logical relationships. At the same time,
thesauruses describe relationships such as generalisation/specialisation, synonymy, or
association, whereas ontology models stricter and more deductive relationships, such as
conceptual subsumption (Is-A) or logical properties (e.g., is-next-to, part-of).

Finally, thesaurus construction is governed by international standards (ISO 2788, ISO 5964,
ANSI/NISO 739.19, BS 8723), which specify relationship categories and best indexing
practices. These structures are beneficial for large terminology sets requiring human indexing
or intuitive user navigation.

1.7. Fundamental Components of an Ontology

The primary objective of an ontology, which is to represent the reality of the world we wish
to describe and model.

For instance, in a medical oncology, the concept of 'disease' and its properties like
'symptoms' and 'treatments' must faithfully reflect real-world diseases and their symptoms
and treatments.

As a developer or researcher, your role in effectively testing the ontology is crucial. It is your
responsibility to verify its consistency, relevance, and usefulness for the intended application.

Concepts

P;i)([;(i:ts;es ~ ontology ~ Instances

TV W Qe

Axioms

\\ —’//.

An ontology is formally defined by a structured set of concepts, relationships, instances and
axioms that together capture the semantics of a given domain.

An ontology is mainly a structured tool for representing and organising knowledge. It is built
on several core components:
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7

1. Concepts: broad categories or ideas, such as “sensor,” “connected device,” or
“building.”

2. Roles (Relations): Describes a relation between two concepts (or individuals).
o Examples:
= “sensor isinstalledin building”
= “sensor measures temperature”
= “device communicatesWith gateway”
We can speek also :
. Functions / Properties : A property (often called attribute, datatype property in OWL)
describes an intrinsic characteristic of a concept or individual. It
connects an entity to a value (number, string, boolean, etc.).
e Examples:
= “sensor hasPrecision = 0.1 °C”
= “sensor hasSamplingFrequency = 10s”

= “device hasBatterylLevel = 90%”

3. Axioms and rules: the constraints or necessary truths within the system, such as
“a sensor cannot be installed in two different buildings at the same time.”

Each concept can be described from two perspectives:

4. Intension (or comprehension): the set of defining properties.
loT example: the concept “temperature sensor” may be defined as “an loT device
designed to measure ambient temperature, equipped with a unit of measurement
(°C, °F) and a configurable sampling frequency.”

5. Extension (Instances) : the concrete instances that fall under the concept.
loT example: {the DHT22 sensor in a connected living room, the LM35 sensor in an
agricultural greenhouse, the Xiaomi sensor placed in a bedroom}.

In this way, an loT ontology bridges the gap between the abstract level (the definition of the
concept “sensor” and its properties) and the concrete level (the actual sensors deployed).
This dual perspective—intension and extension—is what enables effective communication
and interoperability, both among different loT systems and between humans and machines.
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1.8.  Ontology Typologies

Different types of ontologies can be classified depending on their level of abstraction,
purpose, and degree of formality. Understanding these typologies helps clarify whether an
ontology is meant to provide general categories, describe a specific domain, or support a
concrete application.

1.

Upper-level ontology (or meta-ontology):
— Describes very general and abstract concepts (e.g., time, space, object, event).
— Serves as a framework for organizing other ontologies.

Generic (or core) ontology:

— Less abstract, it describes general concepts reusable across multiple domains (e.g.,
person, organization, place).

Domain ontology:

— Specializes concepts for a particular field (e.g., medicine, transportation,
agriculture).

—loT example: an ontology of intelligent transportation with concepts such as bus,
station, traffic sensor.

Task ontology:

— Targets a specific activity (e.g., planning a surgery, detecting a failure).

— loT example: diagnosing a fault in a sensor network.

Application ontology:

— The most concrete, designed for a specific system.

—loT example: the ontology used in a smart home application linking temperature
sensors, cameras, and heating systems.

Examples of Typologies

* Frame Ontology (Gruber, 1993): Representation of concepts via "frame"-type structures.

* DOLCE (Gangemi et al., 2002): A descriptive ontology focused on linguistic and cognitive
modelling.  CYC (Lenat & Guha, 1989): a broad base aimed at capturing common sense for

Al

1.9. Ontology Construction

Building an ontology involves addressing several fundamental questions:

What knowledge should be represented?

Which sources of information can be used? (texts, databases, multimedia, or existing
ontologies)

What level of granularity and precision is needed?

How should we prioritize concepts and define their key properties?
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There are three main approaches to ontology construction:
1. Manual construction — developed entirely by domain experts.

2. Semi-automatic construction — supported by tools (e.g., terminology extraction,
corpus analysis) with validation by experts.

3. Automatic construction — generated using machine learning or natural language
processing techniques.

Finally, a crucial step is the evaluation of the ontology: testing its coherence, completeness,
and usability in real scenarios.

1.9.1. Classical Approaches to Ontology
Construction

¢ Two main sources of knowledge:
o Human expertise.
o Texts.
e Expert-centered methods (KOD, CommonKADS):
o Rely on interviews and transcriptions to extract individual knowledge.
o Costly approaches, with limited use of linguistic resources.
o Often produce results that are limited or not fully relevant to the application.
o Text-oriented approaches:
o Ontological approach:
= Minimal reliance on texts.
= Prioritizes reusability, but often at the expense of quality.
o TKB approach (Terminological Knowledge Bases):
= Focuses on extracting terms and relationships from a corpus.
= Requires adaptations to fit specific application needs.
o Differential approach:
= Uses texts as the primary source of knowledge.

= Seeks continuity between lexical expressions, conceptual models, and
computational systems.

= Typically results in the creation of regional ontologies.

e General development:
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o A shift from relying solely on experts toward complementarity between
experts and texts, in order to enhance the adaptability of ontologies to
practical applications.

1.9.2. Ontology Acquisition from Texts

Texts are a valuable source for constructing domain ontologies. The main techniques applied
include:

¢ Linguistic methods: lemmatization, grammatical analysis, and term identification.
o Statistical methods: frequency analysis, TF-IDF weighting, and clustering.

Constructing ontologies from texts is a specific branch of ontology engineering. It is
particularly crucial for the Semantic Web, as it supports the annotation of resources and the
organization of knowledge bases. Texts are privileged sources because they contain shared
knowledge and are often more accessible than human experts.

An ontology is a formal and shared representation of a domain, organized into hierarchical
and interrelated concepts. Most approaches follow four main steps:

1. Corpus construction.
2. Linguistic analysis.
3. Conceptualization.
4. Operationalization.

The goal of this process is to move from the textual level (discourse) to the conceptual level
(ontology). This transition distinguishes three planes:

e Corpus (discourse).
e Terminology (linguistic entities).
e Ontology (concepts and relations).
This distinction enables more effective use of NLP and text mining techniques to support

conceptualization.

1.10. Development Methodologies

Several methodologies have been proposed to guide the construction of ontologies

1.10.1. Uschold & King (1995)’ :

Uschold and King's article proposes a methodology for constructing ontologies
focused on goals and intended use. The process begins by clarifying the ontology's
purpose and identifying key concepts and their relationships. Term definitions are first

7 https://www.aiai.ed.ac.uk/publications/documents/1995/95-ont-ijcai95-ont-method.pdf
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formulated in natural language to ensure shared understanding and address
ambiguities. The methodology includes several steps: ontology capture, formal coding,
integration with existing ontologies, evaluation, and documentation. The authors
recommend prioritizing the definition of "cognitively basic" terms to reduce
subsequent rework. This approach provides a solid foundation for developing, sharing,
and reuse of ontologies tailored to specific application needs.

1.10.2. TOVE «TOronto Virtual Enterprise
"(Gruninger & Fox, 1996)° :

oriented towards business-applied reasoning. The authors propose a rigorous
methodological framework for building business ontologies, using first-order logic
(FOL) to formalize concepts, objects, relationships, and properties. The process begins
with defining application scenarios and competency questions, enabling the
identification of essential information for each context. Then, an initial terminology of
objects, relationships, and attributes is developed and refined iteratively to eliminate
ambiguities and imprecisions. This terminology is formalized with FOL axioms, ensuring
semantic consistency and enabling automatic reasoning. The approach thus ensures
the accuracy, reusability, and integration of ontologies into information systems and
business process modeling.

1.10.3. Methontology (Zopez et al, 1997)9 :

complete cycle, inspired by software engineering.

v" Ontology Lifecycle: METHONTOLOGY defines a set of activities
organized into successive phases, from requirements specification to
ontology maintenance, including conceptualization, formalization, and
integration.

v Evolving Prototypes: The approach emphasizes incremental construction,
where each version of the ontology is improved based on feedback, thus
allowing continuous adaptation to users’ needs.

v’ Structured Methodology: It provides clear guidelines on the activities to
be carried out at each stage, the techniques to be used, and the roles of the
various actors involved, thereby facilitating a systematic and reproducible
approach to ontology construction.

This methodology has been successfully applied in various fields, including
chemistry, and has helped establish standardized practices in the field of ontological
engineering.

8 https://www.researchgate.net/publication/2520448 The Logic of Enterprise Modelling#fullTextFileContent
9

https://www.researchgate.net/publication/50236211 METHONTOLOGY from ontological art towards ontolo
gical engineering#fullTextFileContent
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1.10.4. Noy & McGuinness (2001)'° :

A pragmatic eight-step approach, from domain definition to evaluation. This
methodological approach is designed to be flexible and adaptable to the specific needs
of each project, while providing a solid foundation for creating effective and coherent
ontologies by following seven main steps:

Phase 1: Define the boundaries of the domain.

Phase 2: Check the possibility of reusing all or part of another ontology.

Phase 3: List the terms (i.e., vocabulary) that will determine the concepts and the
relationships (properties) between concepts.

Phase 4: Decide on the process to follow for defining the class hierarchy:

1- Bottom-up process
2- Top-down process
3- Combination: First define the most relevant concepts.

Phase 5: Define the relationships between concepts (properties).
Phase 6: Define the values (facets / role restrictions) for each property:

4- Cardinality

5- Domain (the class whose role describes the properties) and Range (the extent
of the class)

Phase 7: Finally, create instances and define the property values.

1.11. Al for Ontology Construction

Machine learning approaches facilitate the automation of concept and relation identification,
hierarchy generation, and ontology enrichment, particularly suited for large and dynamic
domains such as loT, biology, or the Semantic Web.

Automatic Concept and Relation Extraction

v Techniques: supervised learning, unsupervised learning, reinforcement learning.

v Sources: texts, databases, sensor logs, social networks.

v' Objective: automatically detect entities, concepts, and relationships.

v" Examples: Named Entity Recognition (NER), relation extraction via graph embeddings.

Clustering and Semantic Grouping

v' Techniques: K-Means, Fuzzy C-Means, HDBSCAN, Word2Vec, BERT embeddings.
v Objective: group similar terms or concepts to create classes or subclasses.

10 ontology101.pdf
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Advantage: automatic identification of hypernymic relations (Is-A) and co-
occurrences.

1.11.1. Graph Learning (Graph Neural Networks)

Techniques: GNNs, Graph Convolutional Networks, Knowledge Graph Embeddings
(Transg, ComplEx).

Objective: learn vector representations of concepts and relations in a graph.
Usefulness: complete, infer, or correct ontological links.

1.11.2. Ontology Enrichment via NLP

Techniques: Transformers (BERT, GPT), word embeddings, sentence embeddings.
Applications:

o Extracting conceptual hierarchies from texts.

o Detecting synonyms and near-synonyms.

o Automatic alignment between existing ontologies.

1.11.3. Hybrid Methods

v' Combination: human experts + ML + NLP.

v Process: ML proposes concepts and relationships - validation and adjustment by

the expert = enriched ontology.
v/ Advantages: fast, scalable, less dependent on manual effort.

1.12. Tools for Ontology Construction

1-

TextToOnto!! : A semi-automatic platform for extracting concepts and relations from

texts. The aim of TextToOnto is to assist developers in the ontology
construction process by applying text mining techniques

Text20nto'? : This extension of Text-To-Onto employs probabilistic and linguistic
techniques to automatically generate ontologies

OntolT®3 : A Protégé plugin designed for extracting terms and structuring ontologies

from textual data.
OntoGen*: An interactive tool for exploring and generating concepts and
relationships from corpora. It is a semi-automatic ontology editor that

1 hitps://sourceforge.net/projects/texttoonto/

12 https://phenotero.github.io/data_text2onto/
13 https://www.dfki.de/fileadmin/user_upload/import/1216_iswc03-demo.pdf
14 https://ailab.ijs.si/tools/ontogen-2/
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combines text mining with a user-friendly interface, enabling domain experts
to create subject ontologies without advanced technical skills.

Ontotext ¥°: Enhance your LLM with a Knowledge Graph!

'I.A ‘OntOtert Products v Solutions v Services v Knowledge Hub v Blog ~ Company v [ Contactus |

Ask our Al »

Just a heads-up: Our Al requires a brief moment to tailor your answer.

semantic

242 characters left

Semantic? () Copy answer
Semantic annotation is the process of attaching metadata to unstructured content, linking concepts mentioned in the text to formal descriptions in a
knowledge graph [4]. This metadata enriches documents with identifiers of concepts, making them easier to interpret, combine, and reuse [4]. Semantic

1.12.1. Ontology as a Model

Finally, ontology can be considered as a model in the sense defined by Birou (1966): a
mathematical, logical, or physical system that represents the essential structures of a reality
and is capable of reproducing its functioning.”

For us, an ontology serves as an abstraction that simplifies the
complexity of the world being described, emphasizing certain

aspects of our perception, with the primary goal of
understanding its behavior.

In the loT, for example, an ontology can model entities (sensors, actuators), events
(measurements, alarms), and relationships (location, causality), thereby facilitating the
integration of heterogeneous systems.

1.13. Definition of Ontologies

Several researchers have proposed complementary definitions, ranging from a simple
specification of terms and relationships to a formalization understandable by machines. At the

15 https://www.ontotext.com/
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same time, ontology finds its roots in philosophy, where it refers to the study of being and its
understanding. In the context of computer science, an ontology is an essential tool for
structuring and sharing knowledge in a formal and shared way, thereby facilitating
communication and analysis within complex systems. According to Guarino, Oberle, and Staab
(2009), as published in the Handbook on Ontologies, we can distinguish definitions based on:

Philosophy: Ontology is the study of the nature and structure of reality,
independently of its actual existence. It focuses on the essential attributes of entities,
whether they exist or not.

Computer Science: Ontology is an explicit and formal specification of a shared
conceptualization. It serves to model the structure of a domain by identifying relevant
entities and their relationships.

Conceptualization
A conceptualization is an abstract and simplified representation of the world, adapted to a
specific purpose. It includes:

Entities: objects, concepts, events, etc.
Relations: links between entities.

Constraints: rules that define the relationships and entities.

Explicit and Formal Specification
An ontology must be:

Explicit: the meanings of terms must be clearly defined.

Formal: represented in a machine-understandable language, excluding natural
language.

1.13.1. Shared Nature

An ontology is shared when it reflects a common vision among multiple stakeholders,
thereby facilitating communication and interoperability.

Ontology Structure
An ontology generally includes:

Taxonomy: hierarchy of concepts.
Relations: associations between concepts.

Instances: concrete examples of concepts.

Ontology and Logic
Ontologies are often based on logical languages, enabling:
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e Reasoning: to infer new knowledge.
o Validation: to verify data consistency.

Applications of Ontologies
Ontologies are used for:

e Knowledge Sharing: to facilitate common understanding.
¢ Interoperability: to enable data exchange between systems.

o Data Analysis: to extract relevant information.

1.14. Definitions Evolving Across the Years

1.14.1. Origins and Philosophical Foundations

Classical Philosophy
e Aristotle: the science of being as being.

e General philosophy: ontology as a branch of metaphysics, concerned with being and
the discourse about being.

Contemporary Philosophy

¢ Heidegger: the understanding of being, emphasizing how being manifests itself and is
understood in the world.

1.14.2.  Ontology as Vocabulary and Relations

Neches et al. (1991):

An ontology defines the basic terms and the relationships that make up the vocabulary of a
domain, as well as the rules for combining these terms and relationships to extend this
vocabulary.

Fikes (1999):

Ontologies are considered as domain theories that specify a particular vocabulary including
entities, classes, properties, predicates, and functions, along with a set of necessary relations
among these terms. They provide a vocabulary to represent knowledge of a domain and
describe specific situations.
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1.14.3. Ontology as Conceptualization

Gruber (1993):
An ontology is an explicit specification of a conceptualization, corresponding to an abstract
and simplified view of the world that one wishes to represent.

Borst (1997):
An ontology is a “formal specification of a shared conceptualization.”

Studer (1998):
An ontology is a formal, explicit, and machine-understandable specification of a
conceptualization shared by a group of individuals.

Uschold et al. (1996):

An ontology serves as a support for a structured and formal semantic description of the
concepts in a domain and their interrelations. It facilitates knowledge exchange between
users and systems, as well as among systems themselves.

1.14.4. Ontology as a Set of Primitives

Gruber (2007):
An ontology defines a set of representational primitives for modeling a knowledge or
discourse domain. These primitives generally include:

e Classes (or sets)
o Attributes (or properties)
e Relations (between class members)

The definitions of these primitives include their meaning and the constraints on their logical
application.

1.15. Knowledge Representation Formalisms in Al

v" These are the various languages, models, and structures used to represent
information in a way that can be processed by a machine.
Examples: predicate logic, semantic networks, production rules, frames, ontologies.
v' Objective: to enable Al to reason, infer, and make decisions based on the represented
knowledge.
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To achieve knowledge representation close to human reasoning

Many "non-logical" formalisms (often based on graphical interfaces) have been developed.

It was concluded that classical logic formalisms are inadequate for knowledge representation in
Al applications.

@ Semantic networks
@ Frame-based systems
© Conceptual graphs

1.15.1. Semantic Networks

introduced by Quillian in 1967, use graphical structures to represent knowledge. Nodes
symbolize objects such as concepts, situations, or events, while arcs express the relationships
between these objects. These relationships can be of the “is-a-kind-of” type between concepts
(e.g., Seat is-a-kind-of Furniture) or “instance-of” between a concept and an individual (e.g., a
chair is-an instance of Seat). The graphical representation makes these networks easily
interpretable by humans while remaining machine-processable.

m Originally introduced by Quillian in 1967

m Use graphical structures to represent knowledge
o Nodes represent objects (concepts, situations, events, etc.)
o Arcs express relations (links) between objects

m These relations are of two types :

o The “is-a-kind-of" relation between concepts
Example : the concept Chair is-a-kind-of Furniture

o The “is-a" relation between a concept and an individual
Example : a chair is-a Seat

m The graphical representation of semantic networks makes them easily
interpretable by humans and usable by machines.

1.15.2. Semantic Networks: Example

An illustrative example presents a relational graph describing two individuals and a hierarchy
of concepts, reflecting the meaning of several similar sentences involving a tiger and its
offspring. 1S-A relationships and other logical links allow the deduction of properties and
relationships between concepts and individuals. The thick lines in the graph indicate the
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primary relationships, and the combined structure enables the inference of information about
composite concepts and their interactions, thereby facilitating automatic semantic analysis

and conceptual navigation.

Figure adapted from the paper "SEMANTIC
NETWORKS", FRITZ LEHMANN, 1992

-l animal ————___ .
— ——__ conscious

female

1 tiger | male

relation

yearning,
motion k\m s
effect ,

e o~
i DYy h

\ : Toby = hungry
f follows by

O

The author introduces semantic network systems and their importance in
Artificial Intelligence. The figure shows a relational graph describing two
individuals and a hierarchy of abstraction of more general concepts and
relations.

The graph reflects the meaning of the
following sentences. All these sentences share
an underlying meaning structure

The hungry tiger named Toby follows his mother
Toby, the son of the tigress he follows, is hungry
The tiger is followed by his cub Toby, who is hungry
Hunger seizes Toby, son of the tigress who is his
mother

e E;Ieh;:rnho bore the hungry tiger Toby is also followed

The logical relation of Toby with his mother the tiger can be
interpreted as follows :

3(Toby)3(x)(Tiger(Toby) A Tiger(x) A Follows(Toby, x) A
MotherOf (x, Toby) A Female(x) A Male(Toby) A
Hungry(Toby))

Semantic Interpretation

The thick lines are asserted link-relations between the described
individuals, forming a relational graph. The drawn lines
highlight the IS-A links in a hierarchy of categories used to infer
the characteristics of individuals, qualities, and relations. (Here,
"follows" and "parent" can be considered as relations, or as
conceptual units with "by" and "of" as their relations). From
this combined structure, it is possible to infer information about
the composite concept as a whole and its relations with other
concepts.

1.15.3. Frames

Introduced by Marvin Minsky in 1974, are hierarchical data structures designed to represent
stereotypical situations. They serve as an alternative to semantic networks and have inspired
many ontology formalisms and languages. Each frame contains attributes called slots, with
facets defining possible values, and relations of specialization/generalization.

m Introduced by Marvin Minsky in 1974, Frames correspond to
hierarchical data structures used to represent a stereotypical situation.

m Serve as an alternative to knowledge representation based on
semantic networks.

m Inspired most of the work on ontology formalisms and definition
languages.

m Frames include :

Q A set of attributes (properties) called slots, defining a data structure.
© Facets that semantically describe possible values for each slot.
© Relations of specialization/generalization type.

m Gather relevant knowledge of a given situation into a single object
called a Frame, instead of distributing it across multiple axioms.
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1.15.4. Frames/Cycl ontology

Frame consolidate relevant knowledge in a single structure and support both explicit
representation and inference through attribute inheritance. The Cycl language was the first
ontology language based on frames and was later extended to first-order logic.

m A Frame can be viewed as a network of nodes and relations between
nodes (i.e., a semantic network).

m Knowledge supported by Frames can be either explicitly described or
inferred. Inferences are mainly performed by exploiting attribute
inheritance from parent frames.

m The Cycl language was the first ontology language initially based on
Frames, later extended to first-order logic in its final version.

1.15.5. The Conceptual Graph (CG) model

Proposed by John F. Sowa in 1976 and later formalized by Chein, Michel, and Mugnier in
1992. It originates from semantic networks and is based on graph theory.

@ Derived from semantic networks and based on graph theory.

@ Knowledge representation relies on describing concepts and their
relationships.

@ Semantic knowledge of the application domain is defined through
canonical graphs associated with specific types of information to
specify the roles that concepts can play, such as :

o AGT!

ORIG?

oBJ3

LOC*

DEST>®

Active agent or initiator of an action
Origin or source (spatial or abstract) of an event
Object, entity affected by an action

Location where an event takes place

NN

Destination or outcome of an event
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Conceptual graph relations label nodes and organize them hierarchically. Constraints—
positive (obligations) or negative (prohibitions)—enhance expressiveness and are
represented as bicolored graphs

m Relations are used to label graph nodes and order them according to a
specialization /generalization hierarchy.

m To introduce more expressiveness, the model can be enriched with :
© Rules
@ Constraints

m A positive constraint consists of a condition and an obligation
Example : a space must be monitored by at least one camera

m A negative constraint consists of a condition and a prohibition
Example : A person cannot be both sitting and standing at the same time

m Constraints are represented as bicolored conceptual graphs :

© The condition of a constraint consists of the set of 0-colored nodes
@ Obligation and prohibition constraints consist of the set of 1-colored
nodes

1.15.6. GC & Concepts

A concept consists of a type and a referent, defining what the entity is and what it
represents. A conceptual graph knowledge base is organized into terminological levels: the
support level for concepts and relations, and the assertional level for facts or instances.
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Concept Notion

A concept is composed of two elements : its type and its referent.

Example : Defining a Table as an Object

Object : Table, where Object represents the type and Table is the referent.)

Terminological Levels

A knowledge base represented as a conceptual graph includes several
terminological levels :

©Q The "support” level consists of a set of concepts and relations. These
two sets form a hierarchy defining an ordering relation 2.

@ The "assertional" level consists of facts (i.e., individuals/instances)

d. The ordering relation is defined according to the "is-a-kind-of" principle, noted <

1.15.7. GC: The Support Level and the
Terminological Level

A support is represented by the quintuple S = (T¢ , Tg, o, ¥, 0), where :

@ T represents an ordered set of concepts, where the symbol T denotes the
greatest element (i.e., universal type) and the symbol L the smallest element.

@ Tg represents the set of relation types, partitioned into subsets of relations with
the same arity (i.e., having the same number of arguments). These relations, also
ordered, are of the "is-a" type.

@ o associates to each relation type t of arity n a signature € T¢.
For example, the signature of the relation isControlled (Space, SensorTypes)
means that the first argument of the relation isControlled is Space and the second
argument is of type SensorTypes.

@ 17 represents the set of individual markers. It is a countable set that also includes a
generic marker denoted * to represent an unidentified individual.

@ J is a mapping from v to T¢ \ {_L}, called the compliance mapping, which
associates each individual with a concept.

GC Example 1

The figure shows an example of a conceptual graph support that includes a set of binary
relations. The concept Indoor_Space_Region is a type of Space_Region; in other words,
Indoor_Space_Region is subsumed by Space_Region (this term comes from philosophy and
replaces the notion of generalization/specialization in ontologies. It is the main element for
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structuring an ontology, often referred to as a "subsumption link". For example, the concept
Human_Being is a specialization of the concept Man).

The relation nearTo(Person, Static_Object) has two arguments: the concept Person and the
concept Static_Object within the context of Space _Region.

1 Concepts

‘ Space Region ‘ ’ Objet |
Outdoor Space Region l I Indoor Space Region I I Static Object l | Active Object

Relations

monitors(Home Control System, T)

lives(Person , House) nearTo(Person, Static Object)

composed(T,T) observedBy(Sensor, T)

GC: Example 2

In this second example, the goal is to model in a conceptual graph the movement of a Robot
from an initial location, Living_Room, to a final location, Kitchen (is an instance of
Space_Region). The individuals Living_Room and Kitchen are associated with the concept
Space, while the individual Control System is associated with the concept
Home_Control_System. The agent relation indicates the agent performing the move action.
The departure relation indicates the current position of the robot, the dest relation indicates
the robot's new destination, and the object relation indicates the object to be moved.

@ Space Region: Living Room ‘
Space Region: Kitchen ‘

‘ Home Control System: Control System

Applications of Ontologies
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Ontologies, as expressive formalisms, find applications in numerous domains and enable
semantic interoperability, providing different systems with the ability to share and use
knowledge in a consistent manner:

1.15.8. Semantic Web: intelligent annotation and
advanced search.

The Semantic Web represents an extension of the current Web, where information is
given a well-defined meaning, allowing computers and humans to collaborate more
effectively (Berners-Lee et al., 2001). The vision was that if interactions between users
and hypertext could be intuitive enough, the machine-readable information space
would accurately reflect people’s thoughts, interactions, and work patterns. This would
enable powerful automated analysis, revealing patterns in work and supporting
collaboration across the typical challenges faced by large organizations.
(Tim Berners-Lee. 1996 and Tim Berners-Lee. 2001)

1.15.9. Internet des objets (IoT) : Enabling seamless
interoperability among sensors and systems.

Ontologies provide a formal and structured representation of knowledge in loT
environments. They allow devices, sensors, and systems to share and interpret data
consistently, enabling semantic interoperability. By defining concepts, relationships,
and constraints, ontologies support reasoning, context-awareness, and intelligent
decision-making in applications such as smart homes, healthcare, transportation, and
industrial loT systems.

1.15.10. Healthcare: disease classification and
standardization.

Ontologies in Healthcare, such as SNOMED CT*6 (Systematized Nomenclature of
Medicine — Clinical Terms), enable the standardization of the description of diseases,
symptoms, procedures, and treatments. They facilitate the exchange of information
between healthcare systems, ensure the consistency of electronic medical records,
and support clinical reasoning and decision support applications.

1.15.11. Industry: interoperability in engineering and
logistics processes.

Industrial ontologies enable the standardization and harmonization of concepts used in
engineering, production, and logistics. They facilitate data exchange between heterogeneous

16 https://www.snomed.org/

SABRI Lyazid 37



systems, ensure information consistency throughout the value chain, and support process
automation and optimization.

1.15.12. Tim Berners-Lee Reinvents the Web

W3C’s Mission: “to lead the Web to its full potential” “The social value of the Web is that it
enables human communication, commerce, and opportunities to share knowledge [and] to
make these benefits available to all people, whatever their hardware, software, network
infrastructure, native language, culture, geographical location, or physical or mental ability.”
Sir Tim Berners-Lee, Inventor of the Web and Founder of W3C

Objectives of SOLID (SOcial Linked Data):
1. Data Protection: Give users full control over their personal data and privacy.

2. Creation of New Standards and Formats: Develop open standards for storing and
exchanging decentralized data.

3. Leverage W3C and the Semantic Web: Use W3C technologies and recommendations
(RDF, SPARQL, ontologies) to ensure interoperability and integration within the
existing Web ecosystem.
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2. Chapiter 2 XML Schema: The Building Block for
Structured Data with URIs

2.1. Introduction

The World Wide Web has profoundly transformed communication and information
dissemination, becoming a cornerstone of the emerging knowledge society. Once primarily
used for computation, computers are now central to information processing and knowledge
exchange. However, today’s Web is still largely designed for humans: content, even when
automatically generated, often lacks machine-readable semantics. As a result, search engines
like Google remain limited—returning imprecise results, overwhelming users with irrelevant
content, and requiring manual navigation. The core challenge lies in the fact that the meaning
of Web content is not directly accessible to machines. The Semantic Web seeks to overcome
this limitation by representing data in a machine-understandable way and enabling intelligent
techniques to exploit it. Closely tied to knowledge management—which focuses on acquiring,
sharing, and maintaining knowledge as a strategic asset—the Semantic Web faces challenges
of integration, standardisation, tool development, and adoption. The following chapters
introduce the foundational technologies, including XML, RDF, and OWL, that are essential to
achieving this vision.

2.2. Tim Berners-Lee’s well-known Semantic Web
“layer cake”

illustrates its layered design:
e XML: for structuring documents on the Web.
¢ RDF: a basic data model, independent of XML, but often using an XML-based syntax.

o RDF Schema: primitive ontology language with classes, properties, subclassing, and
domain/range restrictions.

e Ontologies (OWL, rule-based languages): to express richer and more complex
relationships.

e Logic layer: enables declarative knowledge and reasoning.
e Proof layer: manages deduction processes and validation.

o Trust layer: built on digital signatures, certification authorities, and reputation
systems to ensure reliability and security.

¢ URI (Uniform Resource Identifier)

o A general character string that uniquely identifies a resource, whether abstract or
physical.
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o Serves as the foundation for defining other identifiers.

e URL (Uniform Resource Locator)
o A specific type of URI designed to locate a resource on the Web.
o Combines both the access path and query parameters.

o Does not guarantee the actual existence of the resource on the server; it only
provides an address.

¢ IRl (Internationalized Resource Identifier)

o An extension of the URI concept that supports international characters (e.g., accented
letters, non-Latin scripts).

o Facilitates the identification and localization of resources in a multilingual and global
context.

Key remark: Every URL is a URI, but not every URI is a URL. A URN designates a resource by
its name in a persistent and location-independent way. Unlike a URL, it does not indicate how
or where to access the resource. For example, urn:isbn: 978-2-07-061275-8 identifies a
specific book through its ISBN, but does not provide any information about its online location
or availability.

XML/XMLSchema |

Unicode

2.3. Bridging the Gap between the Semantic Web and
Al

Although an intelligent agent does not have all the reasoning capabilities of a human being, it
can already contribute to making the web significantly more efficient than it is today. The goal
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differs from that of Al: while artificial intelligence aims to design agents with faculties
comparable to, or even superior to, those of humans, the Semantic Web pursues a more
pragmatic objective—to support users in their daily online activities. Current Al technologies
are already playing a key role in this evolution, and their future advancements will further
enhance the potential of the Semantic Web.

2.4. eXtensible Markup Language vs HTML
(Background note)

HTML, derived from SGML, is the standard language for creating web pages, but it remains
limited because it focuses primarily on the display and not the structure of information. XML,
also derived from SGML, was designed to overcome these limitations by separating content
and presentation. Unlike HTML, XML (W3C 1998) allows for the definition of its own tags
adapted to each domain, making it a metalanguage. This flexibility makes XML documents
more machine-readable: the explicit structure and relationships between elements (e.g., an
author linked to a book) facilitate automatic data mining, unlike HTML, which requires
uncertain inferences.

Thus, XML is widely used as a standard data exchange format between applications and sectors
(e.g., MathML, NewsML, BSML (Bioinformatic Sequence Markup Language)), reducing
technical costs and promoting interoperability. Where HTML is primarily used for formatting
and display, XML provides a structured, extensible, and machine-readable representation.

XML vs HTML

[ doclxm X +

C 0 @ file:///G:/SABRI_Lyaid/doc_XML/... ¥¥ e

This page contains the following errors:

The <indoorSpace> tag is not

error on line 8 at column 13: error parsing attribute name closed

Below is a rendering of the page up to the first error.

homeAutomation
1 <?xml version="1.0" encodihg="UTF-8"2>
2 vi<homeAutcmation>,
3v <home>
4 <owner
5 <localization "CITY />
6% <jindoor
G:\SABRI_Lyaid\doc XML\xr O ~ € || @& G:ASABRI_Lyaid\doc_XML\x... Vldc Spacg

7 s ; . - 7 <livingRoom/>

Fichier Edition Affichage Fayvoris Outils 2 i
8 <corridor/>
9 <toiletBlock/>

</indoorSpace>

11 <mar entAgency/>
Internet Explorer does not report b s hw!:‘ag“e“ R
— the error " 13 |¢/homeButomation
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Important reminder (XML is not an ontology language)

It is only a data structuring language that specifies the syntax and organization of
information. Unlike RDF, RDFS, or OWL, it does not provide formal semantics and cannot
define concepts, relationships, or reasoning rules."

2.5. XML Schema. W3C Recommendation. May 2001

XML Schema is a language standardized by the W3C that allows to describe the structure and
the expected content of an XML document. Unlike DTDs, it is written in XML, which gives it
better extensibility and a homogeneous syntax. This allows to specify the elements, the
attributes, their hierarchical links and especially the categories of data, whether they are
simple (like a number or a date) or complex.

Role and importance

By using XML Schema, we ensure that the XML documents are not only well formed, but also
valid, that is to say, they respect precise rules of structure and content. In this way, it
promotes cooperation between systems and applications, particularly in areas such as e-
commerce, web services and data exchange between organisations. Although it does not
specify the semantics of information, XML Schema is crucial for semantic web technologies,
in particular RDF and OWL, as it allows to ensure a first level of structuring and validation.

2.5.1. Foundation

An XML Schema document has the .xsd extension, for example sensors.xsd. It is composed
primarily of elements and attributes that define the structure and constraints of XML
documents.

All XML Schema documents must be declared valid with respect to an official namespace
provided by the W3C:http://www.w3.0rg/2001/XMLSchema.

So, a schema definition usually starts with:

<?xml version="1.0" encoding="UTF-8"?>

<xs:schema xmlns:xs="http://www.w3.0rg/2001/XMLSchema">
..... insert content (in the form of XML tags)...

</xs:schema>

Note: XML 1.1 was introduced to align with the Unicode Consortium, which published
characters that XML 1.0 could not support. In other words, XML 1.1 allows the use of
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additional Unicode characters that were previously invalid in XML 1.0, ensuring better global

text compatibility.
Namespace: ns/xmlins (pseudo-attribute)
Role:
e Resolve ambiguities
e Ensuring clarity and consistency in defining the XML structure
¢ Enable merging: prevent name collisions
e Qualify the elements and attributes defined in the schema

e Allow multiple vocabularies within the same document

Standard name space :

O XML : http://www.w3.org/XML/1998/namespace

O MathML : http://www.w3.org/1998/Math/MathML

Schémas : http://www.w3.0rg/2001/XMLSchema

http://www.w3.0rg/2001/XMLSchema-instance

XSLT : http://www.w3.0rg/1999/XSL/Transform

U U 0O 0

DublinCore : http://purl.org/dc/elements/1.1/
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Examples (name space)
Explicit name space xmins:prefix="URI"

<?xml version="1.0" encoding="UTF-8"7>
<homeAutomation xmins:sl=" http://www.lyazidsabri-a

n >‘

xmlns:gl="www.geographical.com
<sl:home>
<sl:owner "Sabri" " Lyazid"/>
<gl:localization "CITY >

<sl:indoorSpace xmins:we="www.example.com">
The prefix "we" can only be used within this elemeyit;
it cannot be used outside of indoorSpace.
<we:livingRoom/>
<we:corridor/>
<we:toiletBlock/>
</sl:indoorSpace> \//
<managementAgency A/db
</sl:home>
</homeAutomation>

U The choice of prefix is arbitrary, but avoid xs (for XML) and xsl (for XSLT).
U Elements are considered identical even if their prefixes are different,

as long as they reference the same URL.
U An element can use multiple prefixes from multiple namespaces.
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Namespace. By default
(difficult to manage, applies to the entire document)

<?xml version="1.0" encoding="UTF-8"?>
<homeAutomation>
<home " http//www.lyazidsabri-aure
"Sabri"
<localizatio "CITY"/>
<indoorSpace "www.example.com.fr'>
<livingRoom/> /a
<corridor/> ™.
<toiletBlogk/>"
</indoorSpace> "
<managementAgency/>
</home>
</homeAutomation>

2.5.2.  Key points to remember:
1. No:inthe prefix.

2. The prefix value is a URI.
3. The prefix is used to qualify element names.

4. Scope of a namespace declaration:
Specifies the namespace of an element/attribute.

5. Default namespace:
o Provides flexibility when writing XML documents.
o The most commonly used namespace should be set as the default namespace.

6. If no default namespace is specified, unqualified elements do not belong to any
namespace (allowing compatibility with other documents without namespaces).

7. Attributes are either qualified or never qualified (they do not participate in a default
namespace).

Caution: The concept of a default namespace does not apply to attributes or text
content. Unlike a default namespace, when an element is prefixed, all its child
elements must also use the same prefix; otherwise, the namespace will not be
applied to them.

SABRI Lyazid 45



2.6. General structure of an XML Schema document

The content of an element can be:

1- empty,

2- textonly,

3- have an attribute,

4- contain child elements, or

5- a mixed element (composed of elements and text).

In the last three cases, the element is considered complex. It should be noted that the
presence of an attribute in a simple element makes it a complex type element. Only the
definitions of an attribute or an empty element without attributes are of simple type.
Consequently, an element with no content and no attributes has no type.

attribute S
I
:

/ \ : .
simple

. /| *Without attributes 1
simple < !
1
e : Empty text \| *With attributes |
Contents ! .

N Complex /{ With attributes , complex

Children /Texts [

H 1
Wixed \ *Without attributes :
I
Element !

- /

[An element without content and without attributes has no type]

2.6.1.  Type Definition. Basic Type

The definition of a type is based on predefined types (which are simple, also called basic
types) or custom types, such as:

e xs:string: A string accepts any value (beware of special characters).

e xs:normalizedString: A string where the XML parser removes whitespace (tabs,
carriage returns, line feeds).

e xs:token: A string with leading and trailing spaces removed.

e xs:language: Language codes (e.g., en, fr, ar, de (GER)).
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xs:NMTOKEN: No spaces; mostly used for attributes to maintain compatibility with
DTD.

xs:NMTOKENS: A list of NMTOKENS separated by spaces.

xs:dateTime: Format CCYY-MM-DDThh:mm:ss (e.g., 2017-10-22T11:45:00).
xs:date: Format CCYY-MM-DD.

xs:time: Format hh:mm:ss.

xs:duration: Expressed as PnNYnMnDTnHnMnS (e.g., P1Y5M5DT1S).
xs:integer, xs:decimal, xs:float, xs:double

xs:unsignedLong, xs:unsignedint, xs:unsignedByte, ...

xs:long, xs:short, xs:byte, xs:int

xs:nonPositivelnteger, xs:negativelnteger

xs:boolean: true/false or 1/0.

The definition of a type is based on predefined types (which are simple, also called basic
types) or custom types. XML Schema provides the possibility to create new types from
existing simple types. In fact, the user can impose:

1.
2.
3.

a restriction, for example limiting integer values to a specific range,
a list of values, or
a combination of types.

2.6.2. XML Schema: Simple Content Element

As a reminder, an element with no content and no attributes has no type. Therefore, an
element without a type should be represented with a self-closing tag. For example:

<my_Element/>

The syntax for defining a simple element with a type is as follows:

<xs:element name ="nom_élément" type ="xs:définir_type" />

Be careful: a space is considered a string type, so the element is no longer simple.

Examples of simple elements:
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<?xml version="

xs:element
<xs:element

</xs:schema>

1
2
3
4
5
6
T
8

Vv <xs:schema xmlns:xs

encoding="UTF-8"2>

"http://www.w3.

"sensorType">

"location" £

Choose one type or
define your own type,
see later

org/2001/XMLSchema"

"qualified">

/xs:elemenc> NO type (not recommended)

"I"></xs:element>

0 xs:
'?’V XxXs:
B xs:
;?; xs:
B xs:
:% Xs
¥ xs
% Xxs
¥ xs
‘% Xs:
;'P/' XxXs:
;‘& Xxs:
“P" Xxs:
B xs:
;?; Xxs

:NCName
:NMTOKEN
:NMTOKENS

:Name

:boolean v

Built-in derived type.

ENTITIES represents the ENTITIES
attribute type.

The itemType of ENTITIES is ENTITY.

ENTITIES ol
ENTITY

D

IDREF

IDREFS

QName
anySimpleType
anyType
anyURI

baseé4Binary

Lines (4) and (5) above each define an element whose content is simple and without
attributes. Simple type here means it is either a string, a date, a number, etc. The type of the
location element can be a sequence of words. This element has no child elements and no
attributes (otherwise it would be a complex type). Therefore, the location element is a
simple element since its value is of a simple type (basic type).

Regarding the definition of simple content, it is obtained by extension or restriction of
another type. In the following sections, we will first provide a non-exhaustive overview of
how to derive a simple type, and then show how to declare the content of a simple element
through extension and restriction of the type.

2.6.3. SimpleType and Union

<?xml version="1.0" encoding="UTF-8"?2

<xs:schema xmlns:xs="http://www.w3.0rg/2001/XMLSchema"” "qual
<xs:simpleType "information”

¢ <Xs:
</x3:31mpll ¢ xs:annotation Defines a simple type as a collection (union) of

s values from spedified simple data types.

Xs:restriction

® & ¢ ¢

Xs:union

1. xsd:union allows you to define a new simple type.
2. The possible values must be listed in the memberTypes attribute.
3. Only one of the values can be used.

Example
In many applications, it may be useful for an element to have multiple types. Consider the
case where a person can provide either the postal code of a city or the name of that same
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city. For example, the postal code 04000 corresponds to the city Oum Elbawaghi. XML
Schema provides the xs:union operator to combine multiple types.

<?xml version="1.0" encoding="UTF-8"?>
<xs:schema xmins:xs="http://www.w3.0rg/2001/XMLSchema" elementFormDefault="qualified">

<xs:simpleType name="ZipCode">
<xs:restriction base="xs:positivelnteger">
<xs:pattern value="[0-9]{5}"></xs:pattern>
</xs:restriction>
</xs:simpleType>

<xs:simpleType name="ZipChar"> .
<)F()s:re)gt)riction base="xs:string"> Zl pCOde ta keS

<xs:minLength =="3"></xs:minLength>

<xs:maxLength value="10"></xs:maxLength>
</xs:restriction> One Of the tWO

</xs:simpleType> / typeS

<xs:simpleType name="cityCode">

<xs:union memberTypes="zipChar zipCode">

</xs:union> 1. Usage as an Element
</xs:simpleType> / Type
<xs:element name="identite" type="codeVille"/>

1. Usage as an Element
<xs:element name="identityBis"> Attribute
<xs:complexType>
<xs:attribute name="zone" type="cityCode"></xs:attribute>

</xs:complexType>
</xs:element>
</xs:schema>

Some xml instances of the xml schema above
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<xs:element name="identity" type="zipCode"/>

B PR ; Instance: By mixing digits and letters, this value is
< > < >
Identlty 34000 BBA /Identlty of type zipChar (see the previous XSD slide). For

<Identity> 34000 < /Identity> example, if you insert two spaces right after BBA,
it will be considered a string exceeding 10

characters, and therefore an ERROR.
Note: Choosing the correct types carefully will
help you avoid many errors.

<ldentity> Bordj Bou </ldentity>

<Identity> 45875 25p </Identity>

<Identity> BBA 34000 </ldentity>

Exercise: Try defining zipChar in the XSD as a type other than string; you will notice the difference.

<xs:element name="identityBis">
<xs:complexType>
<xs:attribute name="zone" type="cityCode"></xs:attribute>

</xs:complexType> Same issue

</xs:element>

<?xml version="1.0" encoding="UTF-8"7?>
<identityBis zone="4000 OMB"/>

2.6.4. Default Value/Fixed Value and Global
Elements

When the type is simple, it is possible to assign a default value or a fixed value to the
element, as shown in the following examples. This is done by providing values for the default
or fixed attributes of the xsd:element.

<xs:element name="location" fixed="house_ 125"></xs:element>
<xs:element name="City" default="BBA"></xs:element>
A global element, declared as a direct child of the xsd:schema element using xsd:element,

can serve as a basis for defining other types. This approach enhances modularity in schema
design and helps reduce redundancy.
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1 <?xml version="1.0" encoding="UTF-8"2>
2V <xs:schema xmlns:xs="http://www.w3.0rg/2001/XMLSchema" "qualified">

3

4 <!-- Global declaration of the element location -->
5 xs:element "location" "xs:ID"></xs:element>
6

4

8v <xsd:complexType

9

10 <!-- Use of the location element -->

1" <xsd:element "location"/>

12 —_—

13 </xsd:complexType>

14

15

16 </xs:schema>

17 |

Note 1: The two attributes name and ref cannot be present simultaneously in the
xsd:element.

Note 2: One of them must always be present—either to provide the name of the element
being defined or to reference an element that has already been defined.

<?xml version="1.0" encoding="UTF-8"?>
<xs:schema xmins:xs="http://www.w3.0rg/2001/XMLSchema"

"qualified">
<xs:element "entity">
<xs:complexType>
<xs:attribute "src" 1 "xs:anyURI"></xs:attribute>

</xs:complexType>

Ixs:el t
</xs:element> Schema (Va]idator)

</xs:schema>

<?xml version="1.0" encoding="UTF-8"?>
<entite "https://www.photo-paysage.com/index.php?cat=19" ></entite>

Instance XML

2.6.5. Anonymous Type

When declaring an element, it is possible to explicitly define its type. In this case, the type
definition is included directly within the xsd:element. The type is then local (anonymous) and
can take one of two forms: a complex type for elements containing multiple child elements
or attributes, such as the sensor element, or a simple type for elements containing only a
value with possible constraints, such as the temperature measurement.
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« An element that has no name.

« How to construct it.

«* Content within an element, so it is local

<xs:element name="information"> <xs:element name="information">
<xs:simpleType> <xs:complexeType>
Note: The type must be specified. </xs:complexeType>
</xs:simpleType> </xs:element>

</xs:element>

¢ Direct child of xsdschema o global and can be referenced
<xs:simpleType> <xs:complexeType>

Note: The type must be specified. </xs:complexeType>
</xs:simpleType>

Example 1

Note: Each type has a

*Mandatory to associate a type restriction field.

*No elements and no attributes

14 ¥ <xs:element "inforamtion">
15+v <xs:simpleType>
e ]
16 o '._){S_.‘
17 </xs:3impl § xs:annotation Specifies schema comments.
18 </Xs:element> E
/xs:element ® xs:list
19  </xs:schema> : :
® xs:restriction Vv 8¢
< ® xs:union >
<xs:simpleType "localisationRestriction” <xs:element element
= 2 s : <xs:simpleType>
<xs:restriction xXs:string”> = ﬂ:'f- . .
‘ l <xXs:restriction Txs:int™>
<XS:
wSEIE ‘ Bk |
</Xs:restn = e
) — V' xs:simpleType E </X8:resty 7 xs:simpleType
</xs:s8impleTy . CinassimpleTs
PLE2YH ¢ xs:annotation /xs:simplelyn o . o. . rotation
i </xs:element> .
® xs:enumeration @ xs:enumeration
@ xs:length ® xs:fractionDigits
@ xs:maxLength @ xs:maxExclusive
= ® xs:minLength ® xs:maxInclusive
_ ® xs:minExclusive
.| ® xs:pattern
[Xerces] Element or attrib . me: ® xs:minInclusive
® xs:whiteSpace
sise W we - @ xs:pattern
® xs:totalDigits
® xs:whiteSpace
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Example 2

The xsd:simpleType element can have a name attribute if the declaration is global. The type
definition is then provided within the content of the xsd:simpleType element, as shown in
the following example.

+ Restriction on xs:string

<?xml version="1.0" encoding="UTF-8"?>
<xs:schema xmins:xs="http://www.w3.0rg/2001/XMLSchema"
le tFormDefault="qualified">
<xs:simpleType name="localisationRestriction">
<xs:restriction base="xs:string">
<xs:enumeration value="Classe17"></xs:enumeration>
<xs:enumeration value="Classe16"></xs:enumeration>
<xs:enumeration value="labo04"></xs:enumeration>
</xs:restriction>
</xs:simpleType>
</xs:schema>

Question: Can an instance be created, that is, an XML document can be validated against this

schema?

Example 3

<?xml version="1.0" encoding="UTF-8"?>
<xs:schema xmins:xs="http://www.w3.0rg/2001/XMLSchema" elementFormDefault="qualified">

<xs:element name="sensor">
<xs:complexType>
<xs:sequence>

<xs:element name="sensorID" type="xs:string"/>
<xs:element name="sensorType" type="xs:string"/>
<xs:element name="value" type="xs:decimal"/>
</xs:sequence>
<xs:attribute name="unit" type="xs:string"/>

</xs:complexType>
</xs:element>

<xs:element name="temperature">
<xs:simpleType>
<xs:restriction base="xs:decimal">
<xs:minlnclusive value="-40"/>
<xs:maxInclusive value="125"/>
</xs:restriction>
</xs:simpleType>
</xs:element>

</xs:schema>
Here we can create an instance, because we defined an element of that type
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2.6.6. Complex type

Complex types can define pure content (containing only elements), textual content, or

mixed content. All these content types can also include attributes. Complex types can only

be used for elements and are introduced using the xsd:complexType element.

A complex type can be explicitly constructed or derived from another type via extension or
restriction. When a type is derived, the xsd:complexType element must include either an
xsd:simpleContent or xsd:complexContent element to indicate whether the content is purely
textual or not. The declaration of a complex type then takes one of the two forms.

Explicit construction of a type is done using operators such as xsd:sequence, xsd:choice, or

xsd:all. The type is defined directly within the xsd:complexType element.

Name: Unique Mandatory Element

<xs:element name="ElementName"> |

<xs:complexType>

\ Explicit

|
|
|
|
|
i
i
! add elements
|
|
|
|
|
|
|
|
|
|
|
|

complex type
|

|
<xs:complexType> |
</xslement> Simple + attributes
Empty text :
__________________________________________ « Elements (childs)
Complex Type * Text | + attributes
* Mixed
dSimpleContent (des éléments simples) Without attribut
Extension élément
Restriction \~
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2.6.7. Example: XML Schema definition:

<?xml version="1.0" encoding="UTF-8"?> | <?xml version="1.0" encoding="UTF-8"?>
<xs:schema <entite

<xs:element name="entite"> )
<xs:complexType> </entite>
<Ixs:complexType>
</xs:element>

Error (empty string)

SRS <?xml version="1.0" encoding="UTF-8"?>

<entite></entite>

Correcte XML document

Pattern
It is possible to restrict values by using the xsd:pattern element, which defines a regular

expression describing the allowed values of a predefined or previously defined type. The
content is considered valid if it matches the regular expression.

In the following example, a simple type ZipCode is explicitly restricted to 5-digit positive
integers, and an element cityOfBirth uses this type:

Explanation:
e ZipCode is a simple type derived from xs:positivelnteger.
e The <xs:pattern> restricts values to exactly 5 digits.

e The element cityOfBirth uses this restricted type, so its content must conform to the
5-digit format.

SABRI Lyazid 55



<?xml version="1.0" encoding="UTF-8"?>
<xs:schema xmins:xs="http://www.w3.org/ Schema"
elementFormDefault="qualified">
<xs:simpleType name=" ZipCode ">
<xs:restriction base="xs:positivelnteger">
<xs:pattern value="[0-9{5}"></xs:pattern>
</xs:restriction>
</xs:simpleType>

<xs:element name= "cityOfBirth" type="ZipCode"></xs:element>

</xs:schema>

<cityOfBirth "> :;i:’;ys(_)’fBirth >
123657 </cityOfBirth >
</cityOfBirth >

Regular Expressions: Common Patterns (PATTERN)
e .:Adot matches any single character
e []/-:Define character classes
e ?,% + {}:Occurrence operators
e | : Choice (OR) operator
e \:Escape character
e \s: A whitespace character [ \t \n \x0B \f \r ]
e \S: Any character except whitespace
e \d:Adigit
e \D: Any character except a digit
e \w: An alphanumeric character [a-zA-Z_0-9]
e \W : Any character except alphanumeric [*\w]
o {n}: Exactly n occurrences
e {n,}: Atleast n occurrences

¢ {n,m}: Between n and m occurrences (inclusive)

In XML Schema, element nesting is controlled using three main operators:
xsd:sequence, xsd:choice, and xsd:all, which are used to explicitly construct a
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complex type within an xsd:complexType element. The xsd:sequence operator
defines a type as a specific sequence of elements, where each element appears exactly
once by default and must follow the defined order. Elements can be explicit, referenced
with ref, or recursively constructed using other operators.

e The xsd:all operator defines a type in which all listed elements must appear exactly
once, but in any order. However, its use comes with significant constraints that limit its
flexibility. An xsd:all element cannot be nested within other constructors like
xsd:sequence, xsd:choice, or another xsd:all; its children can only be
xsd:element elements. Additionally, xsd:all must always be a child of
xsd:complexType O xsd:complexContent. The minOccurs and maxOccurs attributes
of elements under xsd:al1 are restricted: minOccurs can only be 0 or 1, and maxOccurs
must be 1 (the default). These attributes can also be applied directly to xsd:all, in
which case they apply to all child elements with the same constraints.

e xs:choice is an XML Schema operator used to define a group of elements where only
one element from the group can appear in the XML document. It allows mutually
exclusive elements. We can specify minOccurs and maxOccurs to control how many
times an element can appear. Useful when an element can take one of several possible
types or forms.

e By combining these operators thoughtfully, XML Schema enables precise control over
element order, optionality, and structure while enforcing the rules necessary for valid
and well-formed XML documents.

2.6.8. Example sequence

<?xml version="1.0" encoding="UTF-8"?>
<xs:schema xmins:xs="http://www.w3.0rg/2001/XMLSchema" "qualified">
<xs:element "Student">
<xs:complexType>
<xs:sequence>

<xs:element "StudentNumber" "xs:1D"/>
<xs:element "level" "niveau” />
<xs:element "year" "xs:positivelnteger"/>

</xs:sequence>
</xs:complexType>
</xs:element>

*Maintain the order of appearance

<?xml version="1.0" encoding="UTF-8"?> -No duplicates

<etudiant>
< StudentNumber >P</ StudentNumber >
< level >Master 1</ level >
—=< level >Master2</ level >
< year>2023</ year>
</etudiant>

SABRI Lyazid 57



Example 2 sequence and Name conflict

<xs:sequence>

<?xml version="1.0" encoding="UTF-8"?>

<xs:schema xmins:xs="http://www.w3.0rg/2001/XMLSchema"

elementFormDefault="qualified">
<xs:element name="Student">
<xs:complexType>
<xs:sequence>

<xs:element name="StudentNumber" type="xs:ID"/>
<xs:element name="level" type="level" />

<xs:element name="year" type="xs»

</xs:sequence>
</xs:complexType>
</xs:element>

<xs:simpleType name="level">
<xs:restriction base="xs:string">

ifivelnteger"/>

<!-- No name conflict in “level’ because it is
local here -->

<xs:enumeration value="Master 1"></xs:enumeration>
<xs:enumeration value="Master2 "></xs:enumeration>
<xs:enumeration value="Licence"></xs:enumeration>

</xs:restriction>
</xs:simpleType>

</xs:schema>

Sequence

<xs:element name
<xs:complexType>
<X3:sequence>
<xs:element name="homeAutomation">
<x3:complexType>
<Xs:sequence T 1rs="unbounded">
<xs:element name="location"/>
£Xxs:element
<xs:element
<xs:element name
</xs:sequence
</xs:complexType> <x"::3f;::§:::e
</xs:element> <xs:element

</xs:sequence> <xs:element
</x3s:complexType>

</xs:element>

<xs:element
</xs:sequence>

</xs:complexType>

<xs:element

<xs:element

<xs:element narn

"homeAutomation”

“components">
"unbounded”>
"location™/>
"indoorSpace"/>
"courtyard”/>
"managementAgency"”/>

"components”></xs:element>

"smartEnvironment”>

ref <xs:complexType>
<xs:sequence>

Structure of an XSD document
Provides better readability
Reference: an attribute or element

</xs:element>

Oooo

<xs:element :
</xs:sequence>
</xs:complexType>

f£="homeAutomation"></xs:element>

_ The ref attribute can only be used within a local element
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Example xs:all

xs:all

Elements must appear exactly once, in any order

<?xml version="1.0" encoding="UTF-8"?>
<xs:schema xmins:xs="http://www.w3.0rg/2001/XMLSchema" elementFormDefauli="qualified">
<xs:element name="CourseType">
<xs:complexType>
<xs:all>
<xs:element n:
<xs:element nam e
<xs:element name="m3" type
</xs:all>
</xs:complexType>
</xs:element>
</xs:schema>

="m1" type="xs:string"/>
e="m2" type="xs:string"/>
ype="xs:string"/>

<?xml version="1.0" encoding="UTF-8"?>
< CourseType >

<m2></m2>

<m1></m1>

<m3></m3>
</ CourseType >
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Example xs:choice
xs:choice (by default, only one element can appear among m1, m2, m3)

<?xml version="1.0" encoding="UTF-8"7?>
<xs:schema xmins:xs "http://www.w3.0rg/2001/XMLSchema" "qualified">
<xs:element "CourseType">
<xs:complexType>
<xs:choice>

<xs:element ¥ "xs:string"/>
<xs:element "m2" "xs:string"/>
<xs:element "m3" "xs:string"/>

</xs:choice>
</xs:complexType>
</xs:element>
</xs:schema>

<?xml version="1.0" encoding="UTF-8"?>
<CourseType>

<m2>fff</m2>
</CourseType>

2.6.9. Number of Occurrences in XML Schema

1. Controls how many times an element or a group of elements can appear.
2. minOccurs: specifies the minimum number of occurrences.
o Default: 1 (the element must appear exactly once if not specified).
3. maxOccurs: specifies the maximum number of occurrences.
o Default: 1; must always be greater than 0.
o Can be set to unbounded to allow unlimited occurrences.
4. By default, minOccurs = maxQOccurs = 1.
5. If minOccurs > 1, maxOccurs must be explicitly defined.
6. For elements under xs:all, maxOccurs is always 1, and minOccurs can only be 0 or 1.

o Note: if minOccurs=0 for one element, all other elements must still be
provided.

7. Cardinalities applied to group connectors (like xs:sequence, xs:choice, xs:all) generally
apply to their child elements, but this is not always guaranteed.
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This allows precise control over element repetition and optionality within XML documents.

Example
a i cn o g % e 5 e oy c© | am e 5 am e c© e erwimnr © s e
xs:schema
1
2v
3
4
5v
6
y § of- s
8
9 <!-- Humidity readings: optional, can appear at most 3 times -->
1 xs:element "humidity" "xs:decimal" 3"
1
12 <!-- Pressure readings: exactly 1 reading -->
13 <xs:element "pressure" "xs:decimal"/>
14 </xs:sequence>
15 </xs:complexType>
16
W <!-- Use the complex type in an element -—-
18 <xs:element "sensorData" SensorReadings"/
19
: xs:schema
21

2.6.10. Mixed Content & Attribute Declaration in
XML Schema

1. An element is considered mixed if it contains text outside of child xs:element tags.
2. The mixed attribute of xsd:complexType indicates whether an element is mixed:

o mixed="true" - element can contain both text and child elements

o mixed="false" - element contains only child elements
3. Attributes are always of a simple type.

4. Attributes are declared using <xs:attribute> within the complex type.

1. Attributes are always of a simple type
2. Use <xs:attribute> to declare them within a complex typeUtiliser

__________________________________________________________________________________________________________________________________

Exemple XM schema.

<xs:attribut name=“unitofMesire" type="xs:string"/>
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2.6.11. Example Mixed xml document

<?xml version="1.0" encoding="UTF-8"?>
<sensordata xmlns:xs="http://www.w3.0rg/2001/XMLSchema">
<reading id="1">
Temperature alert:
<value>28.5</value>
°C detected at
<timestamp>2025-09-22T14:30:00</timestamp>
</reading>
</sensordata>

1. The <reading> element contains both text ("Temperature alert:" and "°C detected at")
and child elements (<value> and <timestamp>), making it mixed content.
2. This models an loT sensor reading with textual context plus structured data.

The above example XML instance shows how mixed content and attributes can be
combined in an loT sensor data XML document valid against this schema:
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<?xml version="1.0" encoding="UTF-8"7>
<xs:schema xmins:xs="http://www.w3.0rg/2001/XMLSchema"
elementFormDefault="qualified">

<!l-- Define the reading element with mixed content -->
<xs:element name="reading">
<xs:complexType mixed="true">
<xs:sequence>
<xs:element name="value" type="xs:decimal"/>
<xs:element name="timestamp" type="xs:dateTime"/>
</xs:sequence>
<!-- Attribute for sensor ID -->
<xs:attribute name="id" type="xs:positivelnteger" use="required"/>
</xs:complexType>
</xs:element>

<!l-- Root element for multiple readings -->
<xs:element name="sensordata">
<xs:complexType>
<xs:sequence>
<xs:element ref="reading” maxOccurs="unbounded"/>
</xs:sequence>
</xs:complexType>
</xs:element>

</xs:schema>

2.6.12. Type Extension in XML Schema

Extension consists of adding content and/or attributes to an existing type. Generally,
the extended type is not valid for the base type alone, because new elements or
attributes may be added that are not compatible with the base.

1. Applicability: Extensions can be applied to both simple and complex types.
2. Result: The resulting type is always a complex type, even if the base type is simple.
3. Syntax:
<xs:extension base="...">
<!-- additional elements or attributes -->
</xs:extension>

6. The base type can be:

SABRI Lyazid 63



o Predefined (e.g., <xs:extension base="xs:string">)

o User-defined (custom type defined elsewhere in the schema)

7. Placement: <xs:extension> is a child of either xs:simpleContent or xs:complexContent,
which in turn is a child of xs:complexType.

Example extension 1

Explanation:

SensorReadingType is a base type (could be simple or complex).
We extend it by adding a new element <location>.

The resulting type ExtendedSensorReading is complex and suitable for loT data with
extra information.

Note that :

1.

) © ® N D OB WN S

SABRI Lyazid

SensorReadingType contains:
a. value = the sensor measurement
b. timestamp - the time of measurement

Attribute unit specifies the measurement unit (e.g., °C, %, etc.).

?xml version="1.0" encoding=
xs:schema xmlns:xs="http://www.w3.0xrg/2001/XMLSchema" "qualified"”
xs:complexType "SensorReadingType"
Xs:sequence
xs:element "value"” "xs:decimal"/
xs:element "timestamp" "xs:dateTime"
/xs:sequence
xs:attribute nit "xs:string" reguire
xs:complexType
xs:complexType Ex SensorReading
xs:complexContent
xs:extension "SensorReadingType"
Xs:sequence
xs:element "location" "xs:string"

Xs:i:sequence
/xs:extension
/xs:complexContent
xs:complexType

xs:schema
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Example extension 2

1 <?xml version="1.0" encoding="UTF-8"2>

2v <xs:schema xmlns:xs="http://www.w3.0rg/2001/XMLSchema" "qualified">
3
4v <xs:complexType "TemperatureReadingType">
5% <xs:simpleContent>
6% <xs:extension "xs:decimal">
¥ <xs:attribute "unit" "xs:string" "required"/>
8 <xs:attribute "sensorId" 7 "xs:positiveInteger"/>
9 </xs:extension>
10 </xs:simpleContent>
1" </xs:complexType>
12
13 </xs:schema>
14
Base type is xs:decimal (the sensor value).
xs:extension adds attributes:
unit — measurement unit
sensorld — identifier of the sensor
The resulting type is complex because of the added attributes, even
though the base is simple.
Example XML instance:
<TemperatureReadingType unit="°C" sensorId="101">28.7</TemperatureReadingType>,

2.6.13. Optional, Required, or Prohibited Attributes

in XML Schema

e An attribute is optional by default; it may be present or absent.
e The use attribute of <xs:attribute> allows specifying:

o optional : attribute may appear (default)

o required : attribute must appear

o prohibited : attribute cannot appear
¢ Notes:

o optional and required correspond to #{MPLIED and #REQUIRED in DTD
attribute declarations.

o prohibited is useful when restricting a type to disallow an inherited attribute.

1 |<?xml wversion="1.0" encoding="UTF-8"%>

2 ¥i<xs:schema xmlns:xs="http://www.w3.o0rg/2001/XMLSchema"” slemsntFormDefault="qualified">
3v <xs:complexType name="Example">

4 <l-— Pas de séquence d'éléments, unicuemsnt des attributs —->

5 “xs:attribute ="lang" ="xs5:string”™ uss="optional™/>

] <xs:attribute "myTd" I xs:string”

7 <xs:attribute name="indtalledIn" type="xs:string" use="prohibited"/>

3 </xs:complexType>

9 |</xs:schema>

10
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A complex type cannot be instantiated directly; you must create an element of type
complexType as follows: <xs:element name="elel" type="Example"></xs:element>

To create a valid instance of the XML Schema document, it is required to define a mandatory
attribute myld. The attribute lang is optional, meaning it may be omitted. However, the
attribute installedIn is prohibited: therefore, if one wants to create an instance of the
Example type, this attribute cannot be used or extended.

<elel myld="MPL1235"/> correct
<elel myld="MPL1235" lang="En"/> correct

<elel myld="MPL1235" lang="En" inastalledr=""/> this attribute must never appear.

If we extend the above XML Schema with this complex type and an element elt2,

12+ <xs:complexType 0 "ExtendedEXample">

13w <xs:complexContent>

14~ Zxs:extension b= "Example">

15 <xs:ssquence>

16 <xg:elemsnt ns "data" r "xg:string"/>

1w </®xs:segquence>

18 <xs:attribute nam=="wvalue" 1 "xs:positiveInteger" ></xs:attribute>
19 </xs:extension>

<fxs:complexContent>

21 </xs:complexTyps>

22

23 <xs:element name="el2" ty "ExtendedEXample"></xs:element>
24 </ms:schema>

25

then we can create the following minimal tree:

<?xml version="1.0" encoding="UTF-8"?>
<el2 myld="">

<data></data>
</el2>

only the attribute myld is mandatory, while the other attributes are not required. Moreover,
the attribute value is optional by default.

2.6.14. restriction

In XML Schema, a restriction allows you to specialize an existing type by reducing its
possibilities (unlike an extension, which adds more).

Restricting a complex type by limiting its attributes and elements.
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20~ <xs:complexType "RestrictedType"

£

28+ <xs:complexContent>
29+ <xs:restriction "ExtendedEXample"

v <xs:seguence>
31 <!-- Reep only eltl, elt2 is removed —-—
32 <xs:element "data" "xs:string" ol el
33 </xs:sequence>
34 <!-- Reep required attribute -->
35 <xs:attribute "myId" M=z IDY "required"/>
36 <!-- Prohibit the lang attribute -->
37 <xs:attribute "lang" "prohibited"/>
38 TXSTattributes nararrsaIn. Sprtionarl
39 </xs:restriction>

</xs:complexContent>
41 </xs:complexType>
42

Explanation

o ExtendedEXample : contains one element data with minoccurs=0, means that it could
not appear.

o keeps myld as required,
o prohibits lang (use="prohibited").

o The modification of installedIn is not permitted.

2.6.15. Groupe and AttributeGroupe

To structure a complex XML schema and promote reuse, XML Schema allows you to define
element groups and attribute groups. These mechanisms allow you to factor out common
parts and improve the modularity and readability of schemas.

1. An element group is defined with <xsd:group> and a name attribute.

2. It must be a direct child of <xsd:schema>, which gives it global scope.

3. Its contents must be enclosed in an operator of type <xsd:sequence>, <xsd:choice>,
or <xsd:all>.

4. It can be reused in the definition of complex types or other groups using the ref
attribute.

5. loT example: grouping the name and location information of a sensor:

SABRI Lyazid 67



Example group

1 <?xml version="1.0" enc

oding="UTF-8"?>

2v <xsd:schema xmlns:xsd="http://www.w3.0rqg/2001/XMLSchema" "qualified” xmlns:
3v <xsd:group "SensorInfo">

L4 <xsd:sequence>

s <xsd:element "sensorName" sd:string”/>

6 <xsd:element "location" "xsd:string"/>

7 </xsd:sequence>

8 </xsd:group>

9 <xsd:complexType "TemperatureSensor">

10w <xsd:sequence>

" <xsd:group "SensorInfo"/>

12 <xsd:element "temperature" t "xsd:decimal"/>

13 </xsd:sequence>

" </xsd:complexType>

B <xsd:element "sensors">

16 <xsd:complexType>

17~ <xsd:sequence>

18 <xsd:element "sensor” "TemperatureSensor" "unbounded" />
1 </xsd:sequence>

2 </%xsd:complexType>

2 </xsd:element>

22 </xsd:schema>
2

2.7. Example XML document valid according to the
IoT schema (TemperatureSensor + SensorInfo):

1 <?xml ve
2v <sensors
3

4

5v

(=]

0 o ~N

1
12
13
14
15+

rsion="1.0" encoding="UTF-8"?>

mln,:YC1*"http //www w3.0rg/2001/XMLSchema-instar
n="file:/I:/cours%$20WS%$202(

<sensor>
<sensorName>Thermol</sensorName>
<location>LivingRoom</location>
<temperature>22.5</temperature>

</sensor>

<sensor>
<sensorName>Thermo2</sensorName>
<location>Bedroom</location>
<temperature>20.0</temperature>

</sensor>

<sensor>
<sensorName>Thermo3</sensorName>
<location>Kitchen</location4
<temperature>24.3</temperature>

</sensor>

21 </sensors>

Explanation:
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4,

<sensors>: the root element corresponding to the global sensors element.

<sensor>: a repeatable element (maxOccurs="unbounded") defined with the
TemperatureSensor type.

<sensorName> and <location>: included in the Sensorinfo group (mandatory
elements in this order due to sequence).

<temperature>: element defined in TemperatureSensor, type decimal.

This document respects the order and the type of each element and would be validated by
the XSD.
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3. Chapter 3 : Towards Interoperability: Beyond XML
with Semantic Web Technologies

3.1. Introduction

XML alone provides no means to add semantic meaning to data, and it imposes no constraints
on the choice of terms or vocabulary. As a result, the same information can be represented in
multiple ways, making standardization difficult. Furthermore, interpreting the semantic
meaning of nested elements is challenging, since the terms carry meaning only for humans; to
a machine, they are merely sequences of characters with no inherent significance, and XML
offers no mechanism for understanding or reasoning about their content.

To overcome these limitations, a widely adopted expressive standard is needed. Such a
standard would facilitate interoperability between software agents, enable the collection and
aggregation of distributed information, and allow information to be represented in a graph
structure, which supports adding or removing elements without altering the original data. It
would also allow new knowledge to be inferred by combining collected data, ensure that
gueries can be answered without errors or ambiguities, and be usable by technologies that
enable machines to actively participate in reasoning and decision-making processes.

3.2. XML and the Challenge of Machine-
Understandable Data

XML: Formalism and Semantic Limits
XML as a Universal Metalanguage

XML is a universal markup metalanguage that allows data structures to be described in a
standardized way. It is widely used as a formalism for data exchange on the Web, ensuring
compatibility and interoperability across heterogeneous systems.

Semantic Limitations of XML

While XML defines the structure of data, it provides no information about the actual
meaning of elements. Consider the following example:

Structure 1 : Structure 2 :

<person> John <robot name="Kompai">
<helpedby>Kompai</helpedby> <assists> John</assists>

</person> </robot>
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In this structure, there is no indication that “Kompai” is human. The <helpedby> relationship
merely shows that “John” was helped by “Kompai,” without revealing the nature of “Kompai.”
Likewise, nothing prevents “Kompai” from being a robot. The <assists> relationship simply
indicates that “Kompai” assists “John,” while the semantics of the element depend on the
implicit definition of <robot>. Although XML is powerful for structuring data, it does not by
itself support automatic inference or reasoning. To address this limitation, several mechanisms
can be employed:

Use of Schemas (XML Schema / XSD)

Schemas provide control over structure, data types, and value constraints (e.g., simple types,
numeric ranges, regular expression patterns).

They enable static validation but do not allow the derivation of new relationships between
elements.

Annotations and Metadata

Attributes or annotations can specify implicit relationships (e.g., role, category, type).
These annotations can guide simple programmatic inferences.

Ontologies and RDF/OWL

For more sophisticated reasoning, XML can be combined with ontologies (OWL, RDF). For
example, if an ontology defines <person> as human and <robot> as non-human, a reasoning
engine could infer whether Kompai is a person or a robot based on the semantic context.

Limitations of Pure XML-Based Inferences
XML provides syntax and structure, but not semantics.

Any meaningful inference requires an external engine (ontology, rules, or Al) capable of
interpreting the data.

3.3. RDF Model (Resource Description Framework)

RDF (Resource Description Framework) has been recommended by the W3C since February
22, 1999, with its latest version released on February 25, 2014. It serves as a foundational
framework for processing metadata and ensures interoperability between applications. RDF
enables information on the Web to be machine-readable, focusing on features that support
automated processing of web resources. It can be applied across a wide variety of domains,
allowing software agents to use so-called “intelligent” data. Moreover, RDF files with digital
signatures are expected to play a crucial role in establishing a “Web of Trust.” Considered an
extensible and flexible model, RDF aligns with the overarching objective of the Web by
promoting semantic interoperability. https://www.w3.org/TR/rdf-syntax-grammar/
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3.3.1.  RDF Graph and foundations

An RDF graph is represented as a directed graph in which the subject and object are depicted
as nodes, while the predicate is represented by a directed edge connecting a subject to an
object. The nodes represent the resources being described, and the predicate specifies the
type of property. The object, which corresponds to the value of the property (its range), can
be either a data value or another resource, with the subject serving as the domain of the
property. Additionally, the object can also be a literal or an identifier. Each resource in the
graph is uniquely identified by its URI, ensuring consistent reference and interpretation
across the Web.

Subject Predicate :-

Directed Edge

Neeud (domain) Neeud (range)

Note: The direction of the arrow is important.

The arc always starts at the subject and points toward the object of the statement.

In RDF, a property has a domain, which defines the class of its subject, and a range, which
defines the type of its object.

RDF is based on XML.

It allows the description of web resources.

It relies on the principle of URIs to uniquely identify resources.

Information is structured into triples.

Each triple consists of a subject, a predicate, and an object.

A triple can be named, functioning as a declaration, assertion, or instruction.
A statement is the basic unit of the RDF model.

The collection of triples forms an RDF graph.

Each node in the graph represents a resource.

10 Only the subject is required to be a resource.

© 0NV A WN e

Graph Theory and the Semantic Web

Graph theory, which models nodes and relationships, is a fundamental discipline behind the
Semantic Web. Its roots go back to 1736, when Leonhard Euler solved the Seven Bridges of
Kénigsberg problem, showing mathematically whether a route crossing each bridge once
exists—avoiding tedious trial-and-error. This principle of mapping paths and connections
directly applies to the Semantic Web, where data and hyperlinks form complex networks. By
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leveraging graph theory, Semantic Web solutions can efficiently organize, traverse, and
process information, taking advantage of the mathematical structure of graphs.

RDF: Enabling Machine-Readable Linked Web Data

In RDF, each triple conveys semantic meaning. Unlike XML, there is no inherent hierarchy;
information is represented as nodes within a graph, and any relationship can connect these
nodes. The model is flexible and independent, allowing multiple RDF graphs to be combined
seamlessly. Since we are merging directed graphs and the Web can also be viewed as a
graph, it becomes possible to connect web pages and resources directly, enabling the
integration of distributed information and supporting reasoning over interconnected data
while maintaining semantic clarity.

3.4. Core Structure of the Data Model: Resources,
Properties, Statements

In RDF diagrams, literals are usually represented by rectangles. They correspond to concrete
values such as strings, numbers, or dates, and are always linked to a datatype, which ensures
proper processing by machines. Unlike resources, literals can only occur as objects in triples
(Subject, Predicate, Object), never as subjects or predicates. A typed literal associates a data
item (e.g., a number or date) with a datatype identified by a URI, most often from XML Schema
to ensure interoperability (see RDF 1.1 Concepts). In RDF, resources (subjects and objects)
denote entities from either the real or virtual world. Each resource must be globally identified
with a URI, allowing description even without direct Web access. Predicates are also resources
identified by URIs. URIs guarantee uniqueness, whereas URLs are a subset of URIs that both
identify and locate entities on the Web (using ‘/ or ‘#’ separators).

SABRI Lyazid 73



Example: RDF Triples
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In the RDF model, all entities described by RDF expressions are called resources. A resource
may correspond to an entire web page (e.g., an HTML document), a specific part of a page
(such as an HTML or XML element), a collection of pages (such as a complete website), or even
an object not directly accessible on the Web, like a printed book.

Each resource is uniquely identified by a URI, optionally extended with anchors, which allows
virtually any entity to be assigned an identifier.

Properties describe resources by expressing their aspects, attributes, or relationships. Each
property has a well-defined meaning, specifies the types of resources it applies to, the range
of possible values, and its relation to other properties.

An RDF statement then combines a resource, a property, and a value into a triple of the form
subject—predicate—object. The object may be either a resource, identified by a URI, or a literal
value such as a string, number, or date. Literals may contain XML markup, though RDF imposes
certain syntactic restrictions on how this markup is used.

1. Objects and subjects denote entities from the real or virtual world.

2. The RDF standard requires that a resource must be global and represented by a URI.

3. A URI makes it possible to describe an entity even if it is not directly accessible on the
Web.

4. A predicate can itself be a resource, described by a URI.

A URI guarantees the uniqueness of a resource and access to that resource.

6. A URL is used to identify and locate entities on the Web (using separators such as “/”
or “#”).

b
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3.4.1. Anonymous resource (blank node)

In RDF, a blank node is used to represent an unnamed resource. It can serve as a container
to group together several related pieces of information or resources, without assigning a URI
to that node. A blank node (it refers to a resource whose name is unknown or unspecified).

RDF/XML Structure and Triplet Descriptions
1. Asubject can be either a blank node or a URI.
2. An object can be a literal, a blank node, or a URI.

3. RDF defines a namespace: http://www.w3.0rg/1999/02/22-rdf-syntax-ns#

4. An RDF/XML document must declare a single root element.

The XML prologue is the opening declaration of an RDF/XML document. It specifies the XML
version and the character encoding used in the file

prologue

Root

\"<‘?xvaersion:"1 .0" encoding="UTF-8"?> ‘
<rdf:RDF xmins:rdf=http://www.w3.0rg/1999/02/22-rdf-syntax-ns# >

...... here, descriptions of RDF Triples Name space
</rdf:RDF>

Example 1

The graph expresses that the sensor Sensor123, installed in the kitchen, has measured a
temperature of 22.5 °C.

22.5" " xsd:float
Datatype: xsd:float

iot:observedTemperature

iot:Sensorl123 iot:installedIn

iot:Kitchen

Namespaces:
rdf: http://www.w3.0rg/1999/02/22-rdf-syntax-ns#
iot: http://www.sabrlyazid.org/homeOnt/
xsd: http://www.w3.org/2001/XMLSchema#

Example 2 (blank node)
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Let us consider the case where we want to provide more details: the sensor Sensori123,
installed in the kitchen, measured a temperature of 22.5 °C on September 22, 2025, at 10:30,
with a battery level of 15% and a last activation recorded at 10:25. To represent this, we need
to design another structure that explicitly captures the measurement time, the sensor’s last

activation time, and its battery level. These three pieces of information will
together and referenced by means of a blank node.

22.5
Datatype: xsd:float

iot:observedTemperature

be grouped

2025-09-22T10:30:00

iot:Sensorl123

Datatype: xsd:dateTime

15

iot:installedIn iot:Kitchen — ¢
iot:madeObservation . y
j \ iot:batterylLevel

Datatype: xsd:integer

: iot:lastActiveState

2025-09-22T10:25:00

Datatype: xsd:dateTime

Namespaces:
rdf: http://www.w3.0org/1999/02/22-rdf-syntaxns#
iot: http://www.ss.org/homeOnt/
xsd: http://www.w3.0org/2001/XMLSchema#

When we say that a blank node is represented by a green circle in an RDF graph, it simply means:

1. Itis a node without a URI (no global unique identifier),

2. Used to group together related information (in this case: measurement time, last

activation time, and battery level),

3.5. Overview

The basic structure of any RDF expression is built on triples (subject, predicate, object).

e Aset of triples forms an RDF graph.

e Subject: can be a URI or a blank node (i.e., a resource without an explicit name).

e Predicate: represents a property and must always be a URI.

e Object: can be a URI, a blank node, or a literal (value).

e URIs are used to clearly identify the resources described in an RDF graph:
o They remove ambiguity in designations.

o They allow multiple applications to share the same vocabulary.
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o They prevent naming conflicts.

e Ablank node is a node that is neither a URI nor a literal.

3.6. RDF Graph Serialization

Serializing an RDF graph means representing its nodes and edges (triples) in a concrete
syntax that can be stored, exchanged, or processed by machines. Common RDF serialization
formats include:

e RDF/XML - the XML-based standard for expressing RDF graphs.
e Turtle (TTL) — a compact and human-readable syntax.
e N-Triples —a line-based plain text format for storing individual triples.
e JSON-LD — RDF expressed in JSON for web applications.
The W3C defines several syntaxes for serializing an RDF model:
1. RDF/XML is officially adopted as the standard representation of an RDF graph.
2. Itis easier to process and manipulate by software agents.

3. Other formats, such as N-Triples, Notation3 (N3), and Turtle, are more readable for
users who are not familiar with XML.

In RDF serialization:
e Each triple consists of a subject, a predicate, and an object.
e The subject can be a URI or a blank node.
¢ The object can be a URI, a blank node, or a literal.

o Serialization preserves the structure of the RDF graph, allowing the information to be
reconstructed by RDF processors.

Example

The graph expressed in the example 1 above that the sensor Sensor123, installed in the
kitchen, has measured a temperature of 22.5 °C. can be serialized in RDF/XML as follow:
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1 <?xml version="1.0" encoding="UTF-8"?2>

2v<rdf:RDF

3 xmlns:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns$"

‘ xmlns:iot="http://www.sabrlyazid.org/homeOnt/">

5

6 <!-- IoT Sensor -->

LA <rdf:Description rdf:about="http://www.sabrlyazid.org/homeOnt/Sensor123">

8

9 <!-- Measured value: typed literal -->

10 <iot:observedTemperature rdf:datatype="http://www.w3.0rg/2001/XMLSchemaffloat">
n 22.5

12 </iot:observedTemperature >

13

1" <!-- Location: resource -->

15 <iot:installedIn rdf:resource="http://www.sabrlyazid.org/homeOnt/Kitchen"/>
16

7 </rdf:Description>

18

19 </rdf:RDF>

A RDF/XML concerning the example 2, where the blank node is represented:

<?xml version="1.0" encoding="UTF-8"?>
<rdf:RDF
xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmins:iot="http://www.ss.org/homeOnt/"
xmlns:xsd="http://www.w3.0rg/2001/XMLSchemat">
<!-- 10T Sensor -->
<rdf:Description rdf:about="http://www.ss.org/homeOnt/Sensor123">
<l-- Measured value: typed literal -->
<iot:observedTemperature rdf:datatype="xsd:float">22.5</iot:observedTemperature>
<!-- Location: resource -->
<iot:installedIn rdf:resource="http://www.ss.org/homeOnt/Kitchen"/>
<!l-- Blank node for an observation -->
<iot:madeObservation>
<rdf:Description>
<iot:timestamp rdf:datatype="xsd:dateTime">2025-09-22T10:30:00</iot:timestamp>
<iot:batteryLevel rdf:datatype="http://www.w3.0rg/2001/XMLSchemat#integer">15</iot:batteryLevel>
<iot:lastActiveState rdf:datatype="http://www.w3.0rg/2001/XMLSchema#tdateTime">2025-09-
22T10:25:00</iot:lastActiveState>
</rdf:Description>
</iot:madeObservation>
</rdf:Description>
</rdf:RDF>

Or you can use the following website: https://www.|df.fi/service/rdf-grapher or
https://www.w3.org/RDF/Validator/ simply copy and paste the text and execute it. To better
use both sites, refer to Lab 1 dedicated to this topic.
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3.6.1.  The same file serialized with N-Triples

<http://www.ss.org/homeOnt/Sensor123>
<http://www.ss.org/homeOnt/observedTemperature> "22.5"A<xsd:float> .
<http://www.ss.org/homeOnt/Sensor123> <http://www.ss.org/homeOnt/installedin>
<http://www.ss.org/homeOnt/Kitchen> .
<http://www.ss.org/homeOnt/Sensor123>
<http://www.ss.org/homeOnt/madeObservation> _:genidl .

_:genidl <http://www.ss.org/homeOnt/timestamp> "2025-09-
22T10:30:00"M<xsd:dateTime> .

_:genidl <http://www.ss.org/homeOnt/batteryLevel>
"15"AN<http://www.w3.0rg/2001/XMLSchemattinteger> .

_:genidl <http://www.ss.org/homeOnt/lastActiveState> "2025-09-
22T10:25:00"AM<http://www.w3.0rg/2001/XMLSchema#tdateTime> .

For information see: https://www.w3.org/TR/n-triples/

The same file serialized with Turtle (TTL)
@prefix homeOnt: <http://www.ss.org/homeOnt/> .

@prefix xsd: <http://www.w3.0rg/2001/XMLSchematt> .

<http://www.ss.org/homeOnt/Sensor123>
homeOnt:observedTemperature "22.5"*xsd:float ;
homeOnt:installedIn nsO:Kitchen ;
homeOnt:madeObservation [
homeOnt:timestamp "2025-09-22T10:30:00"**xsd:dateTime ;
homeOnt:batteryLevel 15 ;
homeOnt:lastActiveState "2025-09-22710:25:00"xsd:dateTime
].

For information see: https://www.w3.org/TR/turtle/

3.7. From Data to RDF: Creating Your RDF Graph

In this section, we explore how to create RDF data files to represent knowledge as triples—
consisting of a subject, predicate, and object—allowing machines to understand and process
data. We will cover the basic structure of RDF files, and practical examples for constructing
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RDF graphs. By the end of this section, readers will be able to author RDF files that describe
resources, relationships, and data values in a machine-readable and interoperable way.

3.7.1.  rdf:Description + rdf:about

The <rdf:Description> element is the central component of RDF/XML. It is used to describe a
specific resource in the RDF graph and is typically associated with the rdf:about attribute,
which identifies the URI of the resource being described. All properties and values related to
that resource are nested inside this element, forming the subject-predicate-object structure
of RDF triples.

Creating a triple to describe the resource Ly involves specifying a subject, a predicate, and an
object. In RDF/XML, the subject is represented by the resource Ly, the predicate defines the
property or relationship, and the object provides the value or another resource. This forms a
complete RDF statement that can be processed by machines to represent semantic
information.

1. The prologue indicates that the document is in XML format.

2. The root element, introduced by rdf:RDF, indicates that the document represents an
RDF graph.

3. The namespace of this model is defined by the attribute
xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#".

4. The resource to be described in this document is introduced by rdf:Description.

5. The rdf:about attribute specifies the URI of the resource (Ly) to be described.

6. Namespaces prefixed by homeont and foaf will be used to delimit vocabularies not
belonging to the RDF vocabulary.

7. The value of the foaf: firstname property is a literal.

8. rdf:about, foaf:name, and Lyazid represent, respectively, the Subject, Predicate,
and Object in the RDF graph described by the following RDF/XML document.

<?xml version="1.0" encoding="UTF-8"?>

<rdf:RDF xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
~xmIn$:homeOnt= "http://www.sabrilyazid.org/homeOnt#"

:,’ xmins:foaf="http://xmins. com/foaf/O 7">

<rdf Description rdf:about= "h‘ttpx!l WWW sabrllyaZ|d org/homeOnt#Ly">
i <foaf:name>Lyazid</foaf:name>

</rdf:Description>

R i http://xmIns.com/foaf/0.1/name"
homeOnt:Ly —  Lyazid

3.7.2. RDF:description with rdf:ID (another
alternative)

An alternative way to describe a resource is by using rdf:ID in <rdf:Description>:
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1. Use rdf:ID instead of rdf:about.

2. When the resource doesn’t need global visibility, rdf:ID keeps the RDF clean and
readable.

3. The full URI of a resource declared with rdf:ID is formed by concatenating the URI
declared in the xml:base attribute and appending the # character followed by the
identifier.

4. The rdf:ID attribute specifies an identifier for the resource currently being described.
rdf:ID is scoped to the current RDF/XML document. It cannot reference a resource
outside the document because:

> Local identifier: rdf:ID defines a local name for a resource within the current
RDF/XML file. It is not a full URI by itself.

» URI construction: The complete URI of the resource is formed by concatenating
the document’s base URI (xml:base) with the # character and the value of rdf:ID.
For example:

<rdf:RDF xml:base="http://www.sabrilyazid.org/homeOnt/">
<rdf:Description rdf:ID="Sensor1">
<iot:observedTemperature rdf:datatype="xsd:float">22.5</iot:observedTemperature>
</rdf:Description>
</rdf:RDF>
The full URI of this resource becomes:
http://www.sabrilyazid.org/homeOnt#Sensorl

5. Document-local scope: Because rdf:ID depends on the current document’s xml:base,
it cannot reliably refer to a resource defined in another RDF/XML file. If you need a
globally referenceable resource, you should use rdf:about with a full URI instead.

Caution
Using rdf:ID makes the resource local to the document, which means:

1. No global uniqueness: Other RDF documents cannot reference this resource because
the full URI is implicitly tied to the document’s xml:base.

2. Limited sharing: If multiple documents need to refer to the same entity (e.g., a
sensor, a person), using rdf:ID prevents this. Only rdf:about with a full URI ensures
cross-document references, enabling true sharing of resources.

So, while rdf:ID is convenient for small, self-contained RDF/XML files, it loses the main RDF
objective of creating a globally interoperable graph.
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3.7.3.  Using xsd (XML Schema data types)

For a literal allows specifying the type of the value, but this is not always the best way to
represent structured XML content. For more complex or structured data, it is recommended
to use rdf:value, which allows embedding structured content while maintaining RDF
compliance (see section: “Structured Value with rdf:value”). Therefore, the best manner to
describe the resource Ly is as follow:

<?xml version="1.0" encoding="UTF-8"?>

<rdf:RDF xmlns:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmlns:homeOnt="http://www.sabrilyazid.org/homeOnt#"
xmins:xsd="http://www.w3.0rg/2001/XMLSchema#"
xmlns:foaf="http://xmlns.com/foaf/0.1/">
<rdf:Description rdf:about="http://www.sabrilyazid.org/homeOnt#Ly ">

/<foaf:name> "Lyazid"AMxsd:string</foaf:name>
</rdf:Description>

</rdf:RDF>

= [
homeOnt:Ly foaf:name » "Lyazid"”™ "xsd:string

Namespaces:
rdf: http://www.w3.0rg/1999/02/22-rdf-syntax-ns#
homeOnt: http://www.sabrilyazid.org/homeOnt#
xsd: http:/www.w3.org/2001/XMLSchema#
foaf: http://xmlns.com/foaf/0.1/

3.7.4. rdf:resource

Allows referencing a value of type resource. It is used to indicate that the object of an RDF
triple is another resource identified by a URI, rather than a literal value.

In this example, KM is a robot and Jh is a person, with KM assisting Jh. Note that each
resource is represented by an oval in the RDF graph, rather than as a literal.
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2v <rdf :RDF

6 <!-- Robot KM -->

7 <rdf:Description

8 <rdf:type

9 <homeOnt:assist

/rdf :Description

12 <!-- Person Jh -->
13 <rdf:Description "http://www.sabrilyazid
14 <rdf:type e p://www.sak lyazid
15 /rdf :Description

17 </rdf:RDF
1 | When describing KM, we use rdf : about to specify the |

resource, and likewise for Jh. To link the two descriptions, we
use rdf : resource to indicate that KM assists Jh.

homeOnt:assist™"~~""""""" """~ 5y

Mgy homeOnt:Jh '

homeOnt:Person

Namespaces:
rdf: http://www.w3.0rg/1999/02/22-rdf-syntax-ns#
homeOnt: http://www.sabrilyazid.org/iot#

3.7.5. Blank Node with ID

It should be noted that during serialization, the system assigns a generic identifier to the
blank node (see example the section Anonymous resource (blank node) and example))). This
identifier is only known within the graph and therefore cannot be referenced from outside
the graph. However, <rdf:Description> can include rdf:nodelD. rdf:nodelD is used to
identify a blank node, allowing it to be referenced elsewhere in the RDF graph. Moreover,
empty nodes (rdf:nodelD): Multiple resources can reference the same internal node. This
allows common information, such as an observation, to be shared between multiple sensors
without duplicating data.

The statement: Human125, named John, is located in Housel. The sensors Sensorl and
Sensor? are installed in the Kitchen (blank node room1), which is part of Housel.
Is represented as follow:
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22.5

homeOnt:observedTemperature
Datatype: xsd:float

homeOnt:Sensorl homeOnt:installedIn homeOnt:name Kitchen
homeOnt:installedIn \ homeOnt:locatedin
homeOnt:localizedIn homeOnt:Housel
homeOnt:Sensor2 homeOnt:Human125 homeOnt:hasName
homeOnt:observedTemperature John
23.0 Datatype: xsd:string

21
22

23w

24
25
26
27

Datatype: xsd:float

Namespaces:
rdf: http://www.w3.0rg/1999/02/22-rdf-syntax-ns#
homeOnt: http://www.sabrilyazid.org/homeOnt#
xsd: http://www.w3.0rg/2001/XMLSchema#

Sensorl and Sensor2 are installed in the same room, represented by the blank node
rooml1.

The blank node room1 has properties describing the room, for example iot:name
(Kitchen) and iot:locatedIn (Housel).

An observation, such as the measured temperature, can be shared by both sensors if
needed.

Using blank nodes allows the same resource to be referenced by multiple sensors
without creating duplication in the RDF graph.
<rdf:RDF
xml "http://www.w3.0rqg/1999/02/2
"http://www.sabrilya
i="http://www.w3.0rg/2001/XV
<! Senors -->
<rdf:Description "http://www.sabrilya .org/homeOnt #Sensorl">
<homeOnt :observedTemperature d: float">22.5</homeOnt :observedTemperature>
<homeOnt:installedIn "rooml"
</rdf:Description>
<rdf:Description "http://www.sabrilyazid.org/homeOnt#Sensor2">
<homeOnt :observedTemperature "xsd:float">23.0</homeOnt :observedTemperature>
<homeOnt:installedIn : "r;oml"/{
</rdf:Description>
<!-- Empty Room-->
<rdf:Description : "rooml">
<homeOnt :name>Kitchen</homeOnt : name>
<homeOnt :locatedIn "http://www.sabrilyazid.org/homeOnt#Housel" />
</rdf:Description>
<)== Housel >
<rdf:Description "http://www.sabrilyazid.org/homeOnt#Housel"/>
<!-- Humanl25 represents John-->
<rdf:Description "http://www.sabrilyazid.org/homeOnt#Human125">
<homeOnt :hasName "xsd:string">John</homeOnt :hasName>
<homeOnt:localizedIn : "http://www.sabrilyazid.org/homeOnt#Housel"
</rdf:Description>
</rdf :RDF>
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3.7.6. rdf:datatype & rdf:value

The rdf:value property in RDF is a standard property used to represent the value of a
resource when that value doesn't fit naturally into a specific property of a vocabulary. It's
particularly useful for encapsulating values within more complex structures, such as
observations or measurements, where the value is a key component but additional context is
also important.
Purpose of rdf:value
e Encapsulating Values: It allows you to encapsulate a value within a resource,
providing a way to associate additional metadata with the value.
o Complex Structures: When representing complex data structures, rdf:value serves as
a property to hold the main value, while other properties can provide supplementary
information.
e Not a Replacement: rdf :value is not a replacement for specific properties within a
vocabulary. It's used when no appropriate property exists.
o Standard Property: It's a standard property defined in the RDF specification, ensuring
consistency across RDF data.

Datatypes in RDF are used with literals to represent concrete values such as strings, numbers,
and dates. The datatype abstraction in RDF is compatible with XML Schema. Any datatype
that conforms to this abstraction can be used in RDF, even if it is not originally defined in
XML Schema.

Example

rdf:value Datatype: xsd:float

homeOnt:unit

—\\wwazid. org/homeOnt#Celsius

homeOnt:observedTemperature

i : 15
homeOnt:Sensor123 homeOnt:batteryStatus rdf:value

homeOnt:installedIn homeOnt:lastUpdated Datatype: xsd:integer
2025-09-22T10:25:00

homeOnt:Housel#Kitchen

Namespaces:
homeOnt: http://www.sabrilyazid.org/homeOnt/
rdf: http://fwww.w3.0rg/1999/02/22-rdf-syntax-ns#
xsd: http://www.w3.0rg/2001/XMLSchema#

Datatype: xsd:dateTime

e rdf:parseType="Resource" is used for structured literals (temperature, battery
status).

e Sensor location is a resource reference, not a literal.

o Each structured literal contains an <rdf:value> for the actual data and optionally other
properties (unit, lastUpdated).

e This approach keeps the RDF graph clean and fully compliant.

3.7.7. Defining Resource Types with rdf:type in
RDF/XML

rdfitype is used to state that a resource is an instance of a class. There are two ways to
represent this in an RDF graph using RDF/XML.:
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First way:
<rdf:Description rdf:about="YOUR RESOURCE">
<rdf:type rdf:resource="TYPE URI"/>

</rdf:Description>

http://www.ldf fi/service/rdf-grapher/YOUR_RESOURCE rdf:type S http://www.ldf fi/service/rdf-grapher/TYPE_URI

Namespaces:
homeOnt: http://www.sabrilyazid.org/homeOnt/
rdf: http://www.w3.0rg/1999/02/22-rdf-syntax-ns#
xsd: http://www.w3.0org/2001/XMLSchema#

Second way:

<YourPrefix:YourClass rdf:about=" YourPrefix:YOUR_RESOURCE"/>

@:YOUR_RE SOURCE > rdf:type YourPrefix:YourClass

Namespaces:
homeOnt: http://www.sabrilyazid.org/homeOnt/
rdf: http://www.w3.0rg/1999/02/22-rdf-syntax-ns#
YourPrefix: http://www.sabrilyazid.org/homeOnt#
xsd: http://www.w3.0org/2001/XMLSchema#

In both cases, the RDF graph expresses that the resource is an instance of the given
class. The first approach uses a generic <rdf:Description> with a <rdf:type> predicate,
while the second directly uses the class element as the tag name.

3.7.8.  Graph union

In the Semantic Web, RDF descriptions can be spread across multiple documents. For an
intelligent agent to use this data, it must combine RDF graphs from different sources. Simply
merging their triples is not enough, as blank nodes may share identical identifiers. Therefore,
these blank nodes must be systematically renamed before the fusion.

3.7.9. Description of Groups of Resources Using
RDF Containers and Collections

RDF provides mechanisms to describe groups of resources, relying on the concept of
containers. Each element within a container is considered a member, which can be
represented either as a resource or a literal. RDF defines three main types of containers:

o rdf:Bag— holds a list of elements in no particular order.

o rdf:Seq — represents a sequence of elements.
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rdf:Alt — indicates alternatives, allowing only a single choice to be selected.

Comments on Containers:

1. rdf:_nis used to access each member of a container.

2. Properties like rdf:_1, rdf:_2, rdf:_3, etc., are automatically generated by the RDF
parser to enumerate container members.

3. Applications are responsible for interpreting the sequence correctly.

4. Unlike rdf:Alt, only one member is identified by rdf:_1.

5. While rdf:li facilitates insertion of members in rdf:Bag, the parser uses rdf:_n to
enumerate them.

6. There is no strict constraint on numbering.

7. Numbers do not need to be sequential.

8. Duplicate numbers for members are allowed.

9. The same applies to rdf:Seq and rdf:Alt.
Containers vs RDF Collections:

1. Containers allow adding new members in other RDF descriptions.

2. rdf:Collection is considered closed.

3. Ablank node ensures that no external document can access it.

4. Collections use rdf:parseType="Collection".

5. rdf:rest describes the remaining elements in the list.

6. rdf:nil represents an empty list (end of collection).

7. rdf:first indicates the first member, enabling recursive list creation.

8. The order of elements follows the sequence of their appearance.

9. Collections prohibit adding additional members once defined.

Example rdf-Bag

@nt:RoomlOl homeOnt:hasSensors ol

1.

Namespaces:
rdf: http://www.w3.0rg/1999/02/22-rdf-syntax-ns#
homeOnt: http://www.sabrilyazid.org/iot#

homeOnt:Temperature
homeOnt:Motion

rdf:Bag
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e Used to represent an unordered collection of members.
e Members are added using <rdf:li> elements.

1. loT Context

¢ Room101 has multiple sensors.

e Each sensor is identified by a URI.

e The order of sensors does not matter (that’s why we use Bag, not Seq).

1v <rdf :RDF :rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
2 . WWW . & _l i i 7,!
3 !-- Descriptic f the -
4 rdf:Description "http://www.sabrilyazid.org/iot#R
5 <homeOnt :hasSensors>
6 <! Bag of sensor
7 rdf :Bag>
8 rdf:1i "http://www.sabrilyazid.org/iot#Temper
9 <rdf:1i "http://www.sal Y J #1
<rdf:1li "http://www.sabrilyazid.org/iot#MotionSen
n rdf :Bag>
12 </homeOnt :hasSensors>
13 rdf:Description>
L <} Optional: describe t msel
15 <rdf:Description "http://www.sabrilyazid.org/iot#Temy reSensor
16 <rdf:type "http://www.sabrilyazid.org/iot#Temperature”></rdf:type>
17 </rdf:Description>
18 rdf:Description "http://www.sabrilyazid.org/iot#HumiditySensorl"”
19 rdf:type "http://www.sabrilyazid.org/iot#Temperature"></rdf:type>
rdf :Description>
2 <rdf:Description "http://www.sabrilyazid.org/iot#Moti

2 <rdf:type "http://www.sabrilyazid.org/iot#Motion"></rdf:type>
2 rdf:Description>
2 rdf :RDF>

Example rdf-Collection

1. rdf:parseType="Collection"

o Tells RDF/XML that the child elements form an ordered collection.

o RDF will interpret this as an RDF list (rdf:first, rdf:rest, etc.) under the hood.
2. loT Context

o Room101 has a collection of recent readings.

o The order of readings is preserved (first temperature, then humidity, then
motion).

3. Difference from rdf:Bag

o rdf:Bag = unordered collection.
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o parseType="Collection" = ordered collection (RDF list).

rdf:first rdfitype homeOnt:Temperature
http://www.sabrilyazid.org/iot/Room101 liomeOntecontReadings dfrost
i rdf:first rdf:type

homeOnt:Humidity

rdfirest
\ rdf:first rdf:type

Namespaces:

rdf: http://www.w3.0rg/1999/02/22-rdf syntax-ns #
homeOnt: http://www.sabrilyazid.org/iot#

1v <rdf:RDF "htt W rg/1999/02/22-rdf-sy AaX-ns#"
2 I "h .sabrilyazid.org/i "
3
4 <!-- Description of the room -->
5 <rdf:Description "http://www.sabrilyazid.org/iot/Rooml01">
6 homeOnt : recentReadings "Collection">
7 <homeOnt :Temperature>22.5</homeOnt : Temperature>
@ homeOnt : Humidity>45</homeOnt : Humidity>
9 homeOnt :Motion>false</homeOnt:Motion>
</homeOnt: recentReadings>
1 /rdf :Description>
12

13 /rdf :RDF>

Try your self

Use rdf:seq and rdf:alt

3.7.10. Simplifying an RDF property when its value
is a literal.

1. When the predicate has a simple literal value, RDF/XML allows it to be expressed as
an attribute of <rdf:Description>.
2. This makes the document more concise and readable.

<rdf:Description rdf:about="YourResource">
<YourPredicate>literal</YourPredicate>
</rdf:Description>

e Here, <YourPredicate> is a child element of <rdf:Description>.
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e The predicate’s value is directly the text content (a literal).
“Simplified” form (as an attribute):

<rdf:Description rdf:about="YourResource" YourPredicate="literal"/>

Example

<?xml version="1.0" encoding="utf-8" ?>
<rdf:RDF xmlns:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmins:foaf="http://xmlns.com/foaf/0.1/" >
<foaf:Person rdf:about="http://www.sabrilyazid.org/homeOntt#Ly" foaf:name="Lyazid" />

</rdf:RDF>

http://www.w 3,org/1999/02/22—rdf—zyntaxﬂs#t pe

http://xmlns.com/foaf/0.1/Person
http://www.sabrilyazid.org/homeOntt#Ly http://xmins.com/foaf/0.1/name

Lyazid

Dans nombreux validateur on n‘autorise cette serialisation, méme si I'attibut n’est pas un
littéral.

Concept / Classe : LivingRoom
<rdf:Description rdf:about="http://www.sabrilyazid.org/iot/LivingRoom">
<rdf:type rdf:resource="http://www.w3.0rg/2000/01/rdf-schema#Class"/>
</rdf:Description>

http://www.sabrilyazid.org/iot/LivingRoom rdf:type

Namespaces:
rdf: http://www.w3.0rg/1999/02/22-rdf-syntax-ns#
rdfs: http://www.w3.0org/2000/01/rdf-schema#
homeOnt: http://www.sabrilyazid.org/iot#
xs: http://www.w3.0org/2001/XMLSchema#

Concept / Classe : LivingRoom (as attribute)
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1+ <rdf:RDF xmlns:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns¢"
:rdfs="http://www.w3.0rg/2000/01/rdf-schema#"
"http://www.sabrilyazid.org/iot#"
"http://www.w3.0rg/2001/XMLSchema#">

2
3

-

<!-- Instance RoomlOl du concept LivingRoom -->
<rdf:Description $ "Room101"
"http://www.sabrilyazid.org/iot/LivingRoom">
<homeOnt:floor : "http://www.w3.0rg/2001/XMLSchema#positiveInteger">1</homeoOnt:floor>
</rdf:Description>
1 </rdf:RDF>

© ® N o o

rdf:type http://www.sabrilyazid.org/iot/LivingRoom

12
http:/fwww.ldf fi/service/rdf-grapher/#Room101

homeOnt:floor

1

Datatype: xs:positivelnteger

Namespaces:
rdf: http:/fwww.w3.0org/1999/02/22-rdf-syntax-ns#
rdfs: http://www.w3.0org/2000/01/rdf schema#
homeOnt: http://www.sabrilyazid.orgfiot#
xs: http://www.w3.org/2001/XMLSchema#
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3.8. When RDF Reaches Its Limits: Towards More

Expressive Models

What cannot be inferred

RDE/IGT Exsmple automatically

Possible Solution

Per125 hasName "John" "John" hasID Perl25

RDF is directed; the inverse must be
explicitly stated.

@.sabrﬂyazid.org/iot/Perl 25

Namespaces:

ex:hasName

» John

rdf: http://www.w3.0rg/1999/02/22-rdf-syntax-ns#
ex: http://www.sabrilyazid.org/iot#

What cannot be inferred

HOF/leT Example automatically

Possible Solution

ArtifactX h b licitly declared |
remonteInformation ArtifactX rdf:type Sensor The type must be explicitly declared or a rule
must be used.
ValeurY
http://www.sabrilyazid.org/iot/ArtifactX ox:remontolnformation ValeurY
Namespaces:
rdf: http://www.w3.0rg/1999/02/22-rdf-syntax-ns#
ex: http://www.sabrilyazid.org/iot#
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What t be inferred ; ;
RDF/loT Example a car'mo @ Interre Possible Solution

automatically
Perl125 hasName "John", Whether Per125 # Perl26or | Havingthe same name does not
Per126 hasName "John" Perl25 = Perl26 guarantee identity or difference.

http://www.sabrilyazid.org/iot/Per125 ox-hasName
S
ex:hasName
http://www.sabrilyazd.org/iot/Per126

Namespaces:
rdf: http://www.w3.0rg/1999/02/22-rdf-syntax-ns#
ex: http://www.sabrilyazid.org/iot#

John

RDF/loT Example What cannot be inferred automatically Possible Solution
Robotl communicatesWith John John communicatesWith Robotl Symmetric relations f"““ be explicitly declared or
use owl :SymmetricProperty.

@sabrﬂyazid.org/iotmobotl ex:communicatesWith http://www.sabrilyazid.org/iot/John

Namespaces:
rdf: http://www.w3.0rg/1999/02/22-rdf-syntax-ns#
ex: http://www.sabrilyazid..org/iot#
owl: http://www.w3.0rg/2002/07/owl#

RDF/loT Example What cannot be inferred automatically Possible Solution
Julie examine John Julie is a doctor Inferrlng an ll:\c.jl\IIdual sype o ahiscrion
requires explicit rules or a reasoner.
Ittp: [Forw:sabdlyazid. orgfiot ks ex:examine w.sabrﬂyazid.org/iotﬂ ohn
Namespaces:

rdf: http://www.w3.0rg/1999/02/22-rdf-syntax-ns#
ex: http://www.sabrilyazid.org/iot#
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RDF/loT Example What cannot be inferred automatically Possible Solution

John is the father of Nathalie | Nathalieisthe daughter of John Inverse relations must be explicitly declared.

http://www.sabrilyazid.org/iot/John ex:fatherOf http://www.sabrilyazid.org/iot/Nathalie

Namespaces:
rdf: http://www.w3.0rg/1999/02/22-rdf-syntax-ns#
ex: http://www.sabrilyazid.org/iot#

RDF/IoT Example What cannot be inferred automatically | Possible Solution

Robotl equippedWith Inverse relations in IoT must be explicitly

— Cameral25 is carried by Robotl ——

http://www.sabrilyazid.org/iot/Robot1 ex:equippedWith mabrilyazid.org/iot/Cameral 25

Namespaces:
rdf: http://www.w3.0rg/1999/02/22-rdf-syntax-ns#
ex: http://www.sabrilyazid.org/iot#

3.9. Reification (rdf:Statement)

Turn a triple into an RDF resource so that we can attach metadata to it. We use the class
rdf:Statement with three required properties:

o rdf:subject
o rdf:predicate
o rdf:object

e Advantage: standard RDF mechanism, no extra framework required.

o Limitation: verbose, not very efficient for large datasets, reasoning can be heavy.

Example

A sensor in Room12 reports that the temperature is 35°C.
We want to add metadata: this fact was observed on 2025-09-25 by SensorX.

<rdf:Description rdf:about="http://www.sabrilyazid.org/iot#Room12">
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<homeOnt:hasTemperature>35</ homeOnt:hasTemperature>

</rdf:Description>

homeOnt-Room12 homeOnt:hasTemperature » 35

Namespaces:
rdf: http://www.w3.org/1999/02/22-rdf-syntaxns#
homeOnt: http://www.sabrilyazid.org/iot#

In the following :
1. The triple (Room12, hasTemperature, 25) is turned into a resource (rdf:Statement).
2. Extra facts (who observed it, when) are attached to that statement.

<rdf:RDF xmlns:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmins:homeOnt="http://www.sabrilyazid.org/iot#">

<rdf:Statement rdf:about="http://www.sabrilyazid.org/iot#assertion1">
<rdf:subject rdf:resource="http://www.sabrilyazid.org/iot#Room12"/>
<rdf:predicate rdf:resource="http://www.sabrilyazid.org/iot#hasTemperature"/>
<rdf:object rdf:datatype="http://www.w3.0rg/2001/XMLSchemat#tinteger">25</rdf:object>
<homeOnt:observedBy rdf:resource="http://www.sabrilyazid.org/iot#SensorX"/>

<homeOnt:observedOn rdf:datatype="http://www.w3.0rg/2001/XMLSchema#date">2025-
07-25</homeOnt:observedOn>

</rdf:Statement>

</rdf:RDF>
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7 homeOnt:Room12

rdf:type

rdf:subject

rdf:predicate

homeOnt:assertionl

rdf:ohject

homeOnt:hasTemperature
25

homeOnt:observedBy

Datatype: http://www.w3.org/2001/XMLSchema#integer

homeOnt:observedOn

homeOnt:SensorX

2025-07-25
Datatype: http:/fwww.w3.0rg/2001/XMLSchema#date

Namespaces:
rdf: http://www.w3.0org/1999/02/22-rdf-syntax-ns#
homeOnt: http://www.sabrilyazid.org/fiot#

3.10. RDF(S) :Resource Description Framework
(Schema)

RDF(S) is a standard language for representing data in graphs, allowing the definition of
resources, properties, and relations.

RDFS Vocabulary:

» The RDFS vocabulary is defined in a different namespace than RDF.
Prefix used: rdfs: to reference http://www.w3.0rg/2000/01/rdf-schema#

» RDFS is used together with RDF to enrich descriptions.

» Everything is described in RDF as a resource, and all are instances of the class
rdfs:Resource. All other classes are subclasses of rdfs:Resource.

RDFS provides classes and properties from which vocabularies can be built.

1. The concept of a class is similar to Object-Oriented (OO) systems such as Java.

2. InlJava, for example, it is possible to define a class Robot described by a property
assists.

3. The property assists can have Person as its range. In other words, this structure
indicates that each instance of Robot is linked to an instance of Person via the assists
property.

4. In contrast, the W3C proposes the RDFS standard, which provides more flexibility and

allows an independent description of properties and classes.

Resources are grouped into classes.

The set of instances of a class is called its extension.

A class is itself a resource.

Resources that are classes form a class called rdfs:Class.

Classes are themselves resources, usually identified by IRIs (URIs, URLs)

L N

SABRI Lyazid 96



10. rdfs:Literal

This is the class of literal values such as strings and integers.

11. rdfs:Datatype

This is the class of data types.

3.11. Two different classes may share the same

extension.

A class may define properties that another class does not. Consider two classes: Agent and
Artifact. A robot can be regarded as an instance of the class Agent and, at the same time, an
instance of the class Artifact. Indeed, the class Agent may also have instances of type Person,
which is different from the class Artifact.

3.11.1. Domain & Range (RDFS Vocabulary)

rdfs:domain: any resource that has a given property is considered an instance of one
or more classes.

rdfs:range: any value of a property is considered an instance of one or more classes.

Formalization:

P rdfs:domain C
o Pisaproperty, Cis a class.
o All subjects of triples where P is the property are instances of C.
o VXY (P(X,)Y)=C(X))
P rdfs:range C
o Pisaproperty, Cis a class.
o All objects of triples where P is the property are instances of C.
o VXY (P(XY)=C(Y))
rdf:Property
vx,y P(x,y) A (P, rdfs:range, C) = (y, rdf:type C)

In RDF(S), every property is a resource of type rdf:Property.
This means that a property is not just an “abstract link,” but a first-class object in the
RDF model, which can have its own metadata (such as domain, range, label, etc.).
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<rdfs:domain rdf:resource ="http:// www.sabrilyazid.org/homeOnt# Agent"/>
<rdfs:domain rdf:resource ="http:// www.sabrilyazid.org/homeOnt# Artifact"/>
<rdfs:range rdf:resource ="http:// www.sabrilyazid.org/homeOnt# Person"/>

</rdf:Property>

The range of the relation assists is foaf:Person.

Therefore, in any RDF triple where assists is the predicate, it implies that the Object of the
triple is of type foaf:Person (see the queries), and its Subject may be two kind of class Agent
and Artifact.

Example RDFS Vocabulary

"

13
14
15
16
17

19
21
22
23
24

25
26

S © 0N O s WN =

sabrilyazid.org/iot$">

<!-- Define Classes -->

<rdfs:Class "http://www.sabrilyazid.org/iot§Device"/>

<rdfs:Class "http://www.sabrilyazid.org/iot$Room" />

<!-- Define Property -->
<rdf:Property "http://www.sabrilyazid.org/iotfinstalledIn">
<rdfs:domain tp://www.sabrilyazi rg/iot$§Device"/>
<rdfs:range p://www.sabrilyazid.org/iot#Room"/>
</rdf:Property>
<!-- Instances of Device -->
v <homeOnt:Device "http://www.sabrilyazid.org/iot§TemperatureSensorl">
<homeOnt:installedIn : "http://www.sabrilyazid.org/iot$#living_room_ 12"/>
</homeOnt:Device>
v chomeOnt:Device, : "http://www.sabrilyazid.org/iot§Cameral"”>
<homeOnt:installedIn "http://www.sabrilyazid.org/iot$hall 125"/>

&/homeOnt:Device>,

</xrdf :RDF>

BameOntstalledin homeOnt:living_room_12

Namespaces:
rdf: http://www.w3.0rg/1999/02/22-rdf-syntax-ns#
rdfs: http://www.w3.0org/2000/01/rdf-schema#
homeOnt: http://www.sabrilyazid.org/iot#

rdf:type

homeOnt:installedIn rdfs:range

rdfs:domain

homeOnt:installedIn
homeOnt:Cameral

rdf:type

homeOnt:TemperatureSensorl

Explanation

SA
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o rdfs:Class defines concepts: Device and Room.
o rdf:Property defines installedin with a domain (Device) and a range (Room).
e Instances:
o TemperatureSensorl is a Device installed in living_room_12 with is a Room.
o Cameral is a Device installed in hall_125 wich is a Room.
Etc.

P rdfs:subPropertyOf P’.
VXY P(X,Y) = P’ (X,Y),PC P’

2. rdfs:subPropertyOf defines a subproperty relationship between two properties.
3. Ifaproperty P1P_1P1is declared as a subproperty of P2P_2P2, then any triple using
P1P_1P1 also implies a triple with P2P_2P2.

<rdf:Property rdf:about="http://www.sabrilyazid.org/homeOnt#amiDe">
<rdfs:subPropertyOf rdf:resource="http://xmlns.com/foaf/0.1/knows"/>

</rdf:Property>

This means:

¢ The property homeOnt:amiDe is a subproperty of foaf:knows.

subClassOf

(x, rdf:type , C) A (C, rdfs:subclassOf , C’) = (x, rdf:type, C’)
VXC(X)A(CEC) = C'(X).

VCC'C” (CEC)A(CEC”)=(C' ).

1 xml version="1

2v <rdf:RDF 1 rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns$

3 1 rdf http://www.w3.0xrg/2000/01/xrdf-schema$

< 1 e http://example.org/iot#

5

6 <!-- Device is a subclass of Artifact -->

v <rdfs:Class "http://example.org/iotiDevice">

8 <rdfs:subClassOf "http://example.org/iotfArtifact"/>
9 </rdfs:Class>

1" <!-- Room is a subclass of Space -->

12v <rdfs:Class "http://example.org/iot#Room">

13 <rdfs:subClassOf "http://example.org/iot§Space"/>
14 </rdfs:Class>

15

16 </rdf:RDF>
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According to our example above, therefore living_room_12 is an instance of Space, and
TemperatureSensorl is an instance of Artifact.

\

\

RDF + RDF(S) ' | o /
|

3.11.2. Data extraction from the Web — Query
Languages

RDQL (RDF Data Query Language)
SeRQL (pronounced Circle, Sesame RDF Query Language)
SPARQL — A W3C (World Wide Web Consortium) standard since January 15, 2008

https://www.w3.org/TR/rdf-sparql-query/ and https://www.w3.org/TR/spargl11-
query/ )

4. https://jena.apache.org/documentation/fuseki2/

3.12. SPARQL a recursive acronym

(SPARQL, pronounced Sparkle — meaning scintillation in English), stands for SPARQL
Protocol and RDF Query Language.

SPARQL is built upon three core components:

e Query Language

Response Format: XML (W3C Recommendation, new edition, March 21, 2013)
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e Protocol: Based on WSDL 2.0 (XML Schema) for HTTP and SOAP

SPARQL: Protocol & Query Language
The specification http://www.w3.org/TR/rdf-spargl-protocol/ describes how to query a
SPARQL endpoint/processor.

3.13. SPARQL Query Types

A SPARQL query typically begins with a list of prefixes to define namespaces, for example
PREFIX pref: <URI>. The SELECT clause specifies the variables or data you want to retrieve,
often accompanied by a FROM clause to indicate the target graph. The WHERE clause then
defines the triple patterns or conditions that the data must satisfy in order to match the
guery. Together, these components allow you to precisely extract and filter knowledge from
an RDF graph:

e SELECT query: Retrieves values that match a triple pattern.

e ASK query: Checks whether a triple pattern exists in the graph.

o DESCRIBE query: Returns a description of resources matching the pattern.
¢ CONSTRUCT query: Builds a new RDF graph based on the pattern.

All these queries are based on the triple pattern <S P O> (Subject, Predicate, Object).
Each component can be a variable, introduced with ? or S.

(Y N

list of all prefixes
PREFIX pref: <URI>

gELECT... What you are looking for
FROM . . . Where

WHERE {
K Which knowledge meets the condition in the SELECT clause

; /

According to the figure above:
1. Specifies the variable bindings to be returned in the query results.

2. The FROM clause indicates which graph to query (named graph) and is optional if the
target dataset is already known.

3. The WHERE clause contains the graph patterns that define the desired results.
(Note: the word WHERE is not mandatory.)
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3.13.1. DESCRIBE Query in SPARQL

The DESCRIBE form returns an RDF graph that provides information about a resource. Instead
of giving only variable bindings (like SELECT), it returns a description of the resource(s)
specified.

1. Ignores the specific data graph.
2. Ignores the exact variables to request.
3. Solution: DESCRIBE is used to provide a description of a resource.

4. The result of a DESCRIBE query is an RDF graph.

v+ Apache Jena Fuseki Ul x  + _ s %
« C @ localhost:3030/#/dataset/rdfChapter/query B Q % In ) ©  Termineramise djour }

SPARQL Query -

To try out some SPARQL queries against the selected dataset, enter your query here.

Example Queries Prefixes

B rdfs owl xsd

SPARQL Endpoint Content Type (SELECT) Content Type (GRAPH)

/rdfChapter/sparg| JSON v XML v

v PREFIX rdf: <http://w
PREFIX <http://u
DESCRIBE ?subject

WHERE {
2subject 2object.

}

= Response Response in 0.05 seconds X 9
Could not render results with the Table plugin, the results currently are rendered with the Response plugin. See Table documentation for more information.

* <rdf:RDF

xmlns:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmlns:pl="http://www.sabrilyazid.org/homeont/" >

<rdf:Description rdf:about="http://www.sabrilyazid.org/homeOnt/Sensor123">
<pl:observedTemperature rdf:datatype="http://www.w3.org/2001/XMLSchema#float">22.5</p1:0bservedTemperature>
<pl:installedIn rdf:resource="http://www.sabrilyazid.org/homeOnt/Kitchen"/>

</rdf:Description>

</rdf:RDF>

3.13.2. ASK Clause

Applications use the ASK form to check if a query pattern has at least one match. It does not
return details about the results, only a true or false indicating whether a solution exists.

A SPARQL ASK query returns true or false depending on whether the graph pattern in the
guery matches any data in the knowledge base.

Example: Check if there is at least one instance of Robot in the dataset.
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@query I adddata @ edit @ info

SPARQL Query

To try out some SPARQL queries against the selected dataset, enter your query here.

Example Queries Prefixes

| e m rdfs owl  xsd
SPARQL Endpoint Content Type (SELECT) Content Type (GRAPH)
/rdfChapter/sparql JSON v Turtle
v PREFIX rdf: <http:// .w3.0rg/1999/02/22-rdf-syntax-ns#>
PREFIX pl: <http:/ .sabrilyazid.org/homeOnt/>
ask
WHERE {
?subject rdf:type 2Robot.
}
= Response  Response in 0.032 seconds
 True

3.13.3. Construct Clause

When you run a CONSTRUCT query in SPARQL, the result is a new RDF graph (not a table like
SELECT, not true/false like ASK).

Suppose we start with this rdf graph

I

homoOnt:TmnpuruluruSuu@ -
=iyl it el
honm()m:Snm% rdf:type homeOnt@

homeOnt:RoomA homeOnt:roomName

Kitchen

Namespaces:
rdf: http://www.w3.0rg/1999/02/22-rdf-syntax-ns#
homeOnt: http://www.sabrilyazid.org/iot#

The CONSTRUCT query in SPARQL produces a single RDF graph defined by a graph template.
For each solution found in the WHERE clause, variables are substituted into the template,
and the resulting triples are combined into one RDF graph using set union.

If a substitution generates an invalid triple — for example, a triple with an unbound variable
or with a literal in the subject or predicate position — that triple is discarded and does not
appear in the output graph. The template can also include ground triples (triples without
variables), which are always included in the final RDF result.

Example (adding an ID predicate):
Suppose we want to enrich each sensor with a new identifier. We can use CONSTRUCT to add
an ex:haslD property to all temperature sensors:
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/a/ JSON v Turtle
v PREFIX xsd: <http:/ .w3.0rg/2001/XMLSchema#>
PREFIX 3.0rg/1999/02/22-rdf-syntax-ns#>
PREFIX foaf: <http://xmlns.com/foaf/@.1/> ————————
. e . rdf:type homeOnt:TemperatureSensor >
PREFIX eOnt: <http: sabrilyazid.org/iot#> —
homeOnt:Sensorl homeOnt:locatedIn rdf:type homeOnt:Room
PREF http://www.sabrilyazid.org/iot#>
el S Sl Sl L homeOnt:RoomA homeOnt:roomName
» CONSTRUCT
?sensor r ID "RM125"AQxsd:id . Namespaces
rdf: http://www.w3.0rg/1999/02/22 rdf syntax-ns#
homeOnt: http://www.sabrilyazid.org/iot#
+ WHERE {
?sensor a ratureSensor ;
. E . g - a
2room . to have a unique identifier, we can add a new predicate like
2room ex:r ! 2roomName .
) ex:hasID. The value (e.g., "RM123")
EB Table = Response 1 result in 0.029 seconds Simple view) Ellipse® |Filter query results Page size:
subject predicate object
1<http ”.‘17‘”‘,"1.7“73 rg, t#Sensor1> <htir WWW.Sab yazid.org/1otrna > “RM‘IZS“"[( i L

3.13.4. Select clause

The SELECT query form returns a set of variables together with their values (bindings).
It works by projecting the chosen variables from the query results, while also allowing the
introduction of new variable bindings within the solution.

When the SELECT clause specifies a list of variable names, only those variables and
their corresponding bindings are included in the result. Using SELECT * is a shorthand to
return all in-scope variables at that stage of the query. Variables that appear only in FILTER
expressions, in the right-hand side of a MINUS, or inside subqueries are not included.

The use of SELECT * is restricted: it can only be applied when the query does not include a
GROUP BY clause.

Example:
SELECT * (do notuse *)
WHERE {
?sensor a ex:TemperatureSensor ;
ex:locatedIn ?room .

}
GROUP BY ?room
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3.14. Select query Examples

In the upcoming sessions, we will perform several SPARQL queries on the RDF file named
rdf_smartHome to better understand how the data can be explored and manipulated. To gain
a deeper understanding of these concepts, | strongly encourage you to carefully review the
Supervised Exercises and the lab sessions. The tutorials will help you reinforce the theoretical
aspects through guided exercises, while the labs will give you the opportunity to practice with
concrete examples. Following these materials alongside the course will provide you with the
necessary foundation to master RDF and SPARQL querying.

An excerpt from the RDF graph is presented below to illustrate the structure of the data.

rdftype

homeOnt:Doctor] > —
Sy g » Doctor

rdfitypo
P ——— . S df:
homeOnt:Friendl _5— =32 homeOnt:Patient] >——
B rdf.
= g foaf
/ T "[I ------- 1J
- homoOntlocatodin /
S —— /
" ~—— /
" homeOnt:Cameral > homeOnt:hasID [ c1 ] ~_/
T rdffirst T _rdftype | Datatype: http://www.w3.0rg/2001/XMISchema#string | \/x
— I —— /
rdfirest B A e W —
- N ndfrest homeOnt Camera
o — \ R Ny
< homeOnt:TemperatureSansor rdf:first _— ) Y
rdf:type - —— — s _rdfnil )
homeOnt:hasiD _| TS1 \\
—_— ‘ Datatype: http.//www.w3.0rg/2001/XMLSchoma# string \\\ rdf
—_— homeOnt locatedin " homeOntRoomA T

p——

»C_ homeOnt:Robot

R
[ Datatypo: http //www.w3,0rg/2001/XMLSchoma # string

fo

Example 1 (rdftype = a)

The terms rdf:type and a are semantically equivalent. Both are used to indicate the

type (or class) of a resource.
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PREFIX homeOnt <http://www.sabrilyazid.org/homeOnt#>
PREFIX foaf. http://xmIns.com/foaf/0.1/

select ?y

Can be replaced by rdf:type
WHERE {

?subject a homeOnt:Sensor .
?subject homeOnthasld 2y  ~~ Point = and

}

Example 2 Find the sensor IDs

PREFIX foaf: <http://xmlns.com/foaf/@.1/>

PREFIX homeOnt: <http://www.sabrilyazid.org/iot#>»
select ?y
WHERE {

?subject a homeOnt:Camera .

?subject homeOnt:hasID ?y

¥

Caution: Depending on the variables used, we may simply say “search for the IDs of the
sensors.” However, attention must be paid: if the vocabulary being used does not carry
explicit semantic meaning in a language understandable to the reader, ambiguity may arise.
For example, if we do not know what “Camera” means in this context, we should express the
guery more explicitly.

In this case, the query should be formulated as:

“Search among the triples for the objects ( ?y) linked to a subject by the predicate
homeOnt:hasID, where the subject is of type (a) homeOnt:Camera.”

In the query, we do not need to duplicate the variable ?subject, because it already refers to
the same subject within the same query block.

For example, instead of writing it like this (with repetition):

?subject a homeOnt:Camera .

? subject homeOnt:hasID ?id .

we can combine the two triples into one block, since they share the same subject ?camera:
?camera a homeOnt:Camera ;

homeOnt:hasID ?id .
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PREFIX foaf:
PREFIX homeOnt:

select ?y

+ WHERE

BB Table

y

1C1

homeOnt:hasID ?y

= Response

Example 3 OPTIONAL
In a SPARQL query with two blocks, one mandatory and the other optional, note that if the

first (mandatory) block does not return any result, then the optional block is not executed.
This behavior is logical: an OPTIONAL clause only applies if the mandatory part of the query
has already matched something. If nothing matches in the required part, then the optional
parts are simply skipped

<http://xmlns.com/foaf/0.1/>
<http://www.sabrilyazid.org/iot#>

instead of duplicating ?subject

1
?subject a homeOnt:Camera ;/

1 result in 0.043 seconds

However, if you enclose both blocks within OPTIONAL, then each optional block will be
evaluated one by one.

» PREFIX i: <http://www.w3.0rg/2001/XMLSchema#>
PREFIX rdf: <http: 3.0rg/1999/02/22-rdf-syntax-ns#>
PREFIX foaf: <http://xmlns.com/foaf/0.1/>
PREFIX homeOnt: <http://www.sabrilyazid.org/iot#>

Select 2id 2who
+ WHERE {

?subject a

optional {

BB Table = Response

SABRI Lyazid

ID 2id.)

?subject homeOnt:assists 2who.}

1 result in 0.255 seconds

No data is available because the mandgtory part of the query
did not return any results

PREFIX

N\

PREFIX \
\
PREFIX foaf: <htty \
PREFIX <http . sabrilyazid.org/iot#> \
Select 2id 2who /
WHERE {
}
EBTable = Response 0 results in 0.054 seconds Si
id who

No data available in table
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No data is available in the first optional block, however the second bloc return a result

v PREFIX fo: <http://ww
PREFIX x <http:
PREFIX rdf: <http:
PREFIX foaf: <http
PREFIX t: <http://www.sabrilyazid.org/iot#>

3.0rg/1999/XSL/Format#>
org/2001/XMLSchema#>
org/1999/02/22-rdf-syntax-ns#>

com/foaf/0.1/>

Select ?subject 2who

» WHERE {

optional { ?subject a t:Robot ;
nt mera ?id.}
optional { ?subject f k 2who.}
}
BB Table = Response 1 result in 0.029 seconds Simple view() Ellipse®@ |Filter query result
subject who
1(":'” www.sabrilyazia ) t#Friend1> <htty www.sal "‘\ AZ| i rg t#Patient1>

Example 4 Expressing mutually exclusive graph patterns.

In SPARQL, the UNION keyword is used to combine two or more graph patterns so that a
solution matches either one pattern or the other. This allows you to query for mutually
exclusive or alternative conditions in your RDF data.

Select ?who

+ WHERE { n if the first block does not return any results, the block

following a UNION will still be executed.

{ ?subject a homeOnt:Robot

ymeOnt:hasCamera ?id.

O

union { ?subject foaf:knows 2who.}
¥
BB Table = Response 1 result in 0.021 seconds
who

1<http://www.sabrilyazid.org/iot#Patient1>

Key point: Unlike OPTIONAL, UNION ensures that all alternative patterns are checked
independently, regardless of whether other blocks produce results.

Example xsd datatype
In SPARQL, you can query RDF literals that have a specific XML Schema datatype (XSD), such

as xsd:string, xsd:integer, etc.
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Example: Suppose we want to find all roomName values that are typed as xsd:string in our

RDF graph:

v PREFIX fo: <http://www.w3.0rg/1999/XSL/Format#>
PREFIX xsd: <http://www.w3.0rg/2001/XMLSchema#>
PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>
PREFIX foaf: <http://xmlns.com/foaf/0.1/>
PREFIX homeOnt: <http://www.sabrilyazid.org/iot#>

SELECT 2?roomName
+ WHERE {

?room homeOnt:roomName ?roomName .

FILTER(datatype(?roomName) =

Explanation:

:string)

e ?roomName is the object of homeOnt:roomName.

e FILTER(datatype(?roomName) = xsd:string) ensures that only literals typed as

xsd:string are returned.

Minus vs not Exist

> NOT EXISTS is used to filter out solutions for which a given pattern exists.
> It allows you to exclude results that match a specific graph pattern.
> MINUS removes all solutions that match the pattern in the MINUS clause.
> It behaves like a set difference between the main pattern and the pattern inside
MINUS.
SELECT 2person ) | PREFX o) <hittps//
PREFIX xsd: <http:/
+ WHERE { PREFIX rdf: <htt s#>
2person _a-foaf:Person . PREFIX foaf om/foaf/0.1/>
FILTER 2person foaf:kne >friend . } PREFIX homeOnt wwi.sabrilyazid.org/iot#>
SELECT 2person
} \ + WHERE {
:p;rs;n -' s <http://wew.sabrilyazid.org/iot#Patientl> .
}
BB Table = Response 3 results in 0.065 seconds
BB Table = Response 3 results in 0.06 seconds
person
person
1<http://www.sabrilyazid.org/iot#Patient1> et ;
2<http://www.sabrilyazid.org/iot#Doctor1> 2<htt ww.sabri [ >
3<htt v abri Famr ) >

3<http://www.sabrilyazid.org/iot#FamilyMember1>

Goal: Find all people who do not know anyone.
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Explanation 1:
e ?person a foaf:Person selects all individuals.

e FILTER NOT EXISTS { ?person foaf:knows ?friend } removes anyone who has a
foaf:knows relationship.

e The result will include persons like Doctorl or FamilyMemberl if they do not have
foaf:knows links.

Explanation 2:
e The main pattern matches all foaf:Person.
¢ The MINUS clause removes anyone who knows Patient1.

e The result will be all persons except Friend1 in your dataset.

Example : Property path. SPARQL 1.1

Syntax Form :roperty Rash Expression Matches
ame

iri PredicatePath IAn IRI. A path of length one.

Nelt InversePath Inverse path (object to subject).

elt1/ elt2 SequencePath IA sequence path of elt1 followed by elf2.

elt1 | elt2 IAlternativePath IA alternative path of elt? or elt2 (all possibilities are tried).

el ZeroOrMorePath IA path that connects the subject and object of the path by zero
or more matches of elt.

— OneOrMorePath IA path that connects the subject and object of the path by one
or more matches of elt.

e/ ZeroOronePath IA path that connects the subject and object of the path by zero
or one matches of elt.

Ui or W(iri,| ...|iri,) NegatedPropertySet fl:l)(:g';(a;:;d property set. An IRI which is not one of iri. liri is short
Negated property set where the excluded matches are based

L L . on reversed path.

1A I(A A

{0 OF 170 el 1) HegatedPropentySel IThat is, not one of iri,...iri, as reverse paths. !"iri is short
[for !(7iri).

- — oz IA combination of forward and reverse properties in a negated

| 1Ajri- A

V(iriq| ... |iri| N iFTq] . Nirip) NegatedPropertySet property set.

(elt) IA group path elt, brackets control precedence.

Property path operators include:
e /= sequence (path along multiple predicates)
e | - alternative (either predicate)
e * - zero or more occurrences
e 4+ -> one or more occurrences
e ? -> zero or one occurrence

Suppose we want people who either know Patientl or are assisting Patient1:
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SELECT ?person
v WHERE {
?person (foaf:know homeOnt:assists) <http://www.sabrilyazid.org/iot#Patientl> .

}

B8 = results in 0.032 seconds

person
1<http://www.sabrilyazid.org/iot#Friend1>
2 <http://www.sabrilyazid.org/iot#Robot1>

3<http://www.sabrilyazid.org/iot#Doctor1>

Showing 1 to 3 of 3 entries

1. (foaf:knows | homeOnt:assists) means either predicate can be used.
2. The query will return all persons who either know or assist Patient1.

Example: ":inverse

This RDF fragment describes a person using the foaf:Person class:

a“
2 foaf:Person "http://www.sabrilyazid.org/iot#Friendl"”
o foaf:name>Friend</foaf:name
“ foaf:knows "htt X X # <
4 'foaf:Person
“%
Explanation:

e The resource Friendl is an instance of foaf:Person.
o foaf:name assigns the literal "Friend" as the person’s name.

o foaf:knows links this person to another resource, Patientl, indicating that Friend1
knows Patient1.

In terms of a graph:
e Friendl is a node.
e Thereis an edge labeled foaf:knows pointing from Friend1 to Patient1.
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e Another edge labeled foaf:name points to the literal "Friend".

This example can be used to demonstrate forward and inverse property paths in SPARQL:

e Forward: Who does Friend1 know? = Patient1.

¢ Inverse (*Moaf:knows): Who knows Patient1? - Friend1.

SELECT 1 2p2
WHERE  {
?pl  Afoaf:know 2p2 .

| 2pl foaf:name 2name. WhO kn0WS Patlentl?

¥
BB Table = Response 1 result in 0.069 seconds Simple view ) Ellipse4 M\[[e! que

p1 p2

1<http://www.sabrilyazid.org/iot#Patient1> <http://www.sabrilyazid.org/iot#Friend1>

howing 1 to 1 of 1 entry

Example Collection
In SPARQL, using the rdf _smartHome dataset where a collection:

o |

- rdf :Description

homeOnt :hasSensors
rdf:Description
rdf :Description

rdf:Description
homeOnt :hasSensors
s rdf:Description
Texte

?list is the head of your RDF collection (the list of sensors).

rdf:rest* traverses zero or more rdf:rest links (the chain of the list).

1
2
3. rdf:first gets the item at each position in the list.
4

The query returns each member of the collection as ?sensor.
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SELECT DISTINCT ?sensor
» WHERE {
2list rdf:rest*/rdf:first 2sensor .

¥

BB Table = Response 3 results in 0.034 seconds

sensor
1<http://www.sabrilyazid.org/iot#Sensor1>
2 <http://www.sabrilyazid.org/iot#Camera1>

3 <http://www.sabrilyazid.org/iot#Robot1>

e homeOnt:Doctor] _ homeOnt:assist
<__homeOnt:TemperatureSensor > e foaf:name
rdf:type sl

homeOnt:assist:
TS1

Datatype: http://www.w3.0rg/2001/XMLSchema #string |

homeOnt:hasID

¢ homeOnt:Sensor] _

homeOnt:locatedIn
rdf:first

> rdfirest

\ et

homeOnt:locatedin

rdf:typo

homeOnt:Cameral _homoOnt (,an@

rdfrest S = hiomeOok:isalD) homeOnt:located
C1 |
| Datatype: http://www.w3.0rg/2001/XMLSchema#string |
rdf:first ——

homeOnt:Robot1

rdforest gt homeOnt:hasID
rd[-ml>

Multiple paths to the same item:

» The property path rdf:rest*/rdf:first allows zero or more steps along rdf:rest.
» If the same sensor appears in multiple positions (or if the list is not properly

terminated), SPARQL can traverse multiple paths to the same ?sensor, producing
duplicates.

DF Collections and Property Path Notation

1. rdf:rest{3}/rdf:first

o rdf:rest{3} means follow the rdf:rest link exactly 3 times from the head of the
list.

o /rdf:first then retrieves the item (value) at that position.
o So this returns the third element (or third “pair”) in the RDF list.

2. rdf:rest{3}

o Simply refers to the third node in the linked list (without accessing its value via
rdf:first).

3. rdf:rest{2,3}/rdf:first
o {2,3}is arange: it matches 2 or 3 steps along rdf:rest.

o /rdf:first retrieves the items at positions 2 and 3 in the list.
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Example of merging RDFS with RDF
Understanding FOAF:knows vs homeOnt :friendOF

1. foaf:knows

o Represents any acquaintance or known relationship between two people.
o Two people can “know” each other without being close friends.
2. Friendship (subclass or property)
o If we define a property like :friendOF as a subproperty of foaf:knows, then:
= Every friendship implies knowing each other:
= x:friendOFy = x foaf:knowsy

= But the reverse is not necessarily true:

x foaf:knowsy # x :friendOFy

L VA
43 <foaf:Person rdf:about="http://www.sabrilyazid.org/iot#Friendl">
44 <foaf:name>Friend</foaf:name>
45 <foaf:knows rdf:resource="http://www.sabrilyazid.org/iot#Patientl"/>
46 </foaf:Person>
47 B <foaf:Person rdf:about="http://www.sabrilyazid.org/iot#Friendl">
48 [l <homeOnt: freindOF rdf:resource="http://www.sabrilyazid.org/iot#Doctorl"/>
49 + </foaf:Person>
1 SELECT ?perl 2per2
+ WHERE {
dperl foaf:k Jper2 .
}
BB Table = Response 2 results in 0.023 seconds Simple view) Ellipse®@ |Filter quer
perl per2
1<ht 11> <http:
2<t d1> <http://www.sabrilyazid.org/iot#Doctor1>

Friend1 knows Doctorl because he is his friend

2 <rdf:Property "http://www.sabrilyazid.org/iot#freindOF">
2 <rdfs:subPropertyOf "hl1?://xmlnx.u~m/1ua!/“.l/knuwn" />
2 </rdf:Property>
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SubProperty effects

i RDFS Vocabulary

22 & <rdf:Property rdf:about="http://www.sabrilyazid.org/iot#freindoF">

23 <rdfs:subPropertyOf rdf:resource="http://xmlns.com/foaf/0.1/knows" />

24 | </rdf:Property>

25 ® <rdf:Property rdf:about="http://www.sabrilyazid.org/iot#helps">

26 <rdfs:subPropertyOf rdf:resource="http://www.sabrilyazid.org/iot#assists"/>
270 |3 </rdf:Property>

28 B <rdf:Property rdf:about="http://www.sabrilyazid.org/iot#monitors">

29 <rdfs:subPropertyOf rdf:resource="http://www.sabrilyazid.org/iot#helps"/>
30 </rdf:Property>

Robot1 uses only minotors relationship

——

17 ©<homeOnt:Robot rdf:about="http://www.sabrilyazid.org/iot#Robotl">

18 <homeOnt:hasID rdf:datatype="http://www.w3.0rg/2001/XMLSchema#fstring">R1</homeOnt:hasID>
19 <homeOnt:locatedIn rdf:resource="http://www.sabrilyazid.org/iot#RoomA" />
20 <homeOnt :monitors rdf:resource="http://www.sabrilyazid.org/iot#Patientl"/>

21 (</homeOnt:Robot>
Doctorl assists Patientl and Freind1 helps Patientl

32
33 <foaf:Person rdf:about="http://www.sabrilyazid.org/iot#Doctorl">

34 <foaf:name>Doctor</foaf:name>

35 <homeOnt:assists rdf:resource="http://www.sabrilyazid.org/iot#Patientl"/>
36 </foaf:Person>

37 Iﬂ <foaf:Person rdf:about="http://www.sabrilyazid.org/iot#Friendl">

38 <foaf:name>Friend</foaf:name>

39 <foaf:knows rdf:resource="http://www.sabrilyazid.org/iot#Patientl" />

40 | <foaf:helps rdf:resource="http://www.sabrilyazid.org/iot#Patientl"/>

41 </foaf:Person>
42 B <foaf:Person rdf:about="http://www.sabrilyazid.org/iot#Friendl">

43 <homeOnt: freindOF rdf:resource="http://www.sabrilyazid.org/iot#Doctorl"/>
44 <foaf:knows rdf:resource="http://www.sabrilyazid.org/iot#Patientl"/>
45 </foaf:Person>

ne
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SELECT 2perl 2per2
+ WHERE {
2perl homeOnt:assists ?2per2 .

}

EB Table = Response 2 results in 0.024 seconds

per1

1<http://www.sabrilyazid.org/iot#Robot1>

2<http://www.sabrilyazid.org/iot#Doctor1>

SELECT 2perl ?per2

+ WHERE {
?perl homeOnt:helps ?per2 .
}
BB Table = Response 1 result in 0.02 seconds
perl

1<http://www.sabrilyazid.org/iot#Robot1>

SELECT 2perl ?per2

+ WHERE {
?perl foaf:helps ?per2 .
}
BB Table = Response 1 result in 0.024 seconds
perl
1<http://www.sabrilyazid.org/iot#Friend1>

SELECT ?perl ?per2
+ WHERE {
?perl homeOnt:monitors 2per2 .

i

BB Table = Response 1 result in 0.037 seconds

perl

1<http://www.sabrilyazid.org/iot#Robot1>

Showing 1to 1 of 1 entry

Simple view) Ellipse® |Filter qu

per2
<http://www.sa 1>
<http://www.sabrilyazid.org/iot#Patient1>

Simple viewD Ellipse®@ |Filter qu

per2
<http://www.sabrilyazid.org/iot#Patient1>
Simple viewD Ellipse® |Filter que
per2

<http://www.sabrilyazid.org/iot#Patient1>

Simple view( Ellipse® |Filter qu

per2

<http://www.sabrilyazid.org/iot#Patient1>

3.15. Topics Remaining to Explore with RDF

1. Cryptography —securing RDF data and ensuring integrity.

2. Temporal concepts — representing time-dependent information in RDF.

3. Numeric computations — performing calculations over RDF data.

4. RDF validation with SHACL (Shapes Constraint Language) — enforcing constraints and
data quality.

5. SPARQL and Web Applications — integrating queries into web-based systems.

6. Aggregate Algebra — set functions such as COUNT, SUM, AVG, MIN, MAX.

7. Advanced SPARQL clauses — HAVING, VALUES, ORDER BY, projection of variables,
DISTINCT, REDUCED, as well as OFFSET and LIMIT.
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8. Other topics — additional features and advanced usages in RDF and SPARQL.

3.16. RDFS vs OWL

RDFS (RDF Schema):

e Allows you to describe the semantics of information, defining classes, properties, and
simple hierarchies.

e Limitations of RDFS:
1. Cardinality constraints cannot be specified.

= Example: There is no way to express that a chair can only be occupied
by one person at a time.

2. Negation or disjunction of classes cannot be expressed.

= Example: You cannot express that a person has not taken their
medication, or that a Robot and a Human are distinct.

3. Default values for properties cannot be assigned.
OWL (Web Ontology Language):
e Extends RDFS with richer semantics, allowing:

o Specifying cardinality constraints (owl:cardinality, owl:minCardinality,
owl:maxCardinality).

o Expressing class disjointness, union, intersection, and complement.
o Assigning default or inferred values to properties via reasoning.

e OWL enables more powerful reasoning over ontologies, making it suitable for
applications that require strict semantic definitions and automated inference.

3.17. Named Graphs and SPARQL

An IRI associated with an RDF graph is called the name of the graph. Such graphs are
referred to as named graphs.
Named graphs formalize the intuitive idea that the contents of an RDF document (a
graph) on the Web can be considered “named” by the URI of the document. This provides
several benefits:

o Itsimplifies provenance management for pieces of data.

e Itenables fine-grained access control over the source data.

o Itallows trust management, for example by applying digital signatures to the data

in a named graph.

Originally, RDF reification was intended to provide these facilities, but this approach
proved problematic.
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When SPARQL was introduced, the need to refer explicitly to named graphs became
clear.

e Without named graphs, queries can return results without knowing the
provenance of resources.

e With named graphs, the graph name is available for each triple retrieved.

e Each graph in a dataset can thus have a unique name (e.g., a URI or a file address).

Example 1 Named graph

If you have an external RDF file and you’ve loaded it into a named graph in Fuseki, you can
guery that graph with SPARQL to retrieve information about its contents. Here’s a concrete
example.

Let’s create a complete RDF/XML file that represents the knowledge that Patient1 has a
daughter named Julie, which you can load into a named graph in Fuseki:

1. foaf:Person defines a person.

2. foaf:name gives the patient’s name.

3. ex:hasDaughter uses an XML literal to store the daughter’s name (Julie).

4. This file can be loaded into a named graph in Fuseki, e.g.,
http://www.example.org/graph1l.

<?xml version="1.0"?>

<rdf:RDF xmlns:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmlns:ex="http://www.other.org/"
xmlns:foaf="http://xmlns.com/foaf/0.1/">

<http://www.sabrilyazid.org/iot#Patient 1>

ex:hasDaughter

<foaf:Person "http://www.sabrilyazid.org/iot#Patient1">
ex:ont#Daughter]
<ex:hasDaughter "http://www.other.org/ont#Daughter1"/>
</foaf:Person>
<foaf:Person "http://www.other.org/ont#Daughter1">
<foaf:name

‘ex:http://www.other.org/ ‘

"http://www.w3.0rg/2001/XMLSchema#string">Julie</foaf:name>
</foaf:Person>

</rdf:RDF>
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@query Jadddata Fedit @info

Upload files /namedGraph/data?graph=http://www.example.org/grapht

Load data into the default graph of the currently selected dataset, or the given named graph. You may upload any RDF format, such as Turtle, RDF/XML or TRiG.

Dataset graph name PSS

[ http://www.example.org/graph1 =

Files to upload
”n
name < size * speed
graphnamed1.rdf 543 bytes 741 bytes/s

11 | SELECT ?subject ?predicate 2object ?2g ?h

12 v WHERE {

13 GRAPH 2g { { ?subject ?predicate 2object }}

14 3

BB Table = Response 4 results in 0.017 seconds
subject predicate

1<http://www.sabrilyazid.org/iot#Pat... <http://www.w3.0rg/1999/02/22-rd...

2 <http://www.sabrilyazid.org/iot#Pat... <http://www.other.org/hasDaughte...
3<http://www.other.org/ont#Daught... <http://www.w3.0rg/1999/02/22-rd...

4<http://www.other.org/ont#Daught... <http://xmlns.com/foaf/0.1/name>

Example 2 Named graph
Load into Fuseki the file ex2_.rdf provided.

When naming a graph, you must give it its URI:

New dataset

£ existing datasets © new dataset = tasks

Dataset name

NamedGraphExample

Dataset type
© Persistent (TDB2) - dataset will persist across Fuseki restarts

V create dataset

/namedGraph

Dataset graph name

Simple view() Ellipse® |Fi|ter\quesg@ults

© query & backup & add data
@ info

actions

X upload now

status

Triples uploaded: 4

v

IPagesize:|SO X @

===

1
19
'

object \‘~~~‘

N
<http://xmlns.com/foaf/0.1/Person> :'<hnp://www.example,org/gtaplﬂ > \\
1

\ \
< http://www.othen()lg/om#Daught..!' <http://www.example.org/graph1> “

1
< http://xmlns.com/foaf/O,T/Person>I' <http://www.example.org/graph1>

1
Julie ,' <http://www.example.org/graph1>
74

7

In-memory — dataset will be recreated when Fuseki restarts, but contents will be lost

L http://www.iotontology.org/myGraph1

Files to upload

+ select files § & upload all

A

name ¢ size * speed

2.3%b 2.58kb/s

ex_2.rdf
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1~ PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#> 1

2 PREFIX myOnt: <http://www.smartontology.org/iotOnt#> < ’

3 PREFIX rdfs:<http://www.w3.0rg/2000/01/rdf-schema#>

4  SELECT ?s

5 FROM <http://www.iotontology.org/myGraphl>

6 v WHERE {

7 {?s rdf:type myOnt:MotionSensor. }

8 }

9 -
BB Table = Response 1 resultin 0.04 seconds Simple viewO Ellipse®@ |Filter query results Pagesize:|50 v| & @

1<http://www.smartontology.org/iotOnt#Sensor1>

Expressiveness Limitations of RDF Schema (RDF-S)

RDF Schema (RDF-S) has several significant limitations in terms of expressiveness. For
instance, it cannot specify cardinality constraints on a property, i.e., define how many values
a property may have. A concrete example is a chair that can only be occupied by one person
at a time. Moreover, RDF-S does not support expressing the negation of a class or statement.
For example, it cannot represent that a person refuses to take their medication, or that a
human is not a robot.

It is also unable to express disjunction between classes, such as indicating that the concepts
Robot and Human are distinct. Other limitations include the inability to assign default values
to attributes or to define inverse or transitive properties. These restrictions demonstrate
that, while RDF-S is useful for structuring simple knowledge, it is insufficient for representing
more complex scenarios that require advanced logical rules.
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4. Chapter 4 Knowledge Representation and Reasoning:
Logic, Pragmatics, and Ontologies

4.1. Introduction

Knowledge Representation (KR) is a central field in Artificial Intelligence, focusing on how to
model facts, knowledge, and reasoning about the world. Logical approaches, such as
propositional logic and predicate logic, allow expressing truth values, inference rules, and
formal reasoning. Non-logical approaches, including conversational implicatures and
pragmatic inferences, capture implicit meaning beyond strict logical form. Philosophers such
as Grice emphasized how communication relies on both explicit and implicit information.
Similarly, Dreyfus argued that human reasoning includes tacit knowledge that machines
struggle to replicate. Description Logics (DL), as fragments of First-Order Logic (FOL), balance
expressiveness and decidability. They are the foundation of ontology languages such as OWL.
These frameworks make it possible to automate reasoning about knowledge while avoiding
undecidability. In the context of Al and the Semantic Web, KR enables agents to interpret, infer,
and reason intelligently with structured knowledge.

4.2. Knowledge Representation: Logical and Non-
Logical Approaches

The Proposition
e A proposition (or assertion) is a statement that carries meaning.

e It corresponds to an assertion of an elementary statement that can be either true or
false.

e Determining the truth value of sentences expressed in natural language as logical
propositions can be delicate.

Example:

The air conditioner does not turn on.

The truth value of this statement depends on the state of the world. The question is: is the
air conditioner broken, or is the room temperature simply at a level that triggers the air
conditioner to stop?

Key Points:
1. Statements provide real information about the world.

2. One must be able to judge the truth of a statement, which requires understanding its
meaning.
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3. A statement is assumed true if it conforms to the facts of the world (the state of the
universe).

4. A statement must satisfy certain truth conditions (i.e., vericonditional conditions).
Paraphrase

e Paraphrasing involves reformulating a statement without changing its meaning.
Examples:

e Case 1: John takes medication. = John is sick.

e Case 2: Sara, John’s daughter, often accompanies John to the hospital. - John is
Sara’s father.

4.2.1. Logical Consequence/ Equivalence/
Conversational

An assertion A is a logical consequence of an assertion B if and only if, in every situation
where A is true, B is also true. This is denoted as: A = B.

Logical Equivalence
Two propositions are said to be logically equivalent if their truth values (true or false) are
always the same.

Conversational Implicature (Paul Grice)
Conversational implicature involves identifying the speaker’s communicative intention, that
is, an implicit deduction that can be drawn from a statement.

Example:
1. Sara knocks on John’s door.
2. John does not answer.

3. Sara thinks that John is alone.

The Gricean Typology of Implicatures (causal theory of perception)
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4.3. Grice Paul (1913-1988) : British philosopher of
language and linguist, specializing in pragmatics and
linguistics.

Grice first introduced the notion of implicature in, in an article on the causal theory of
perception. Although the article’s primary focus was not linguistic communication, Grice
established a set of distinctions that would later become central to his theory.

He begins with the examination of an utterance such as:
"That looks red to me."

According to Grice, this utterance conveys a complex inference, suggesting that the speaker
knows or believes that the object is not red, or that someone else has expressed doubt, or
that the speaker is unsure of the object’s color. The key idea is that the utterance conveys
more than a simple assertion: it communicates implicit information or inferences beyond
what is explicitly stated.

To analyze these inferences, Grice proposes a typology of non-logical inferences that a
statement can generate, in addition to presuppositions already studied. He distinguishes:

¢ The conventional implicatures, which depend on specific linguistic terms.

¢ The generalized conversational implicatures, which arise in conversation according
to typical situations.

o The particularized conversational implicatures, which depend on the specific context
of the utterance.

Grice also defines criteria to distinguish these inferences:
e Their impact on the truth value of the statement.
e Dependence on specific terms.
e Persistence when the statement is reformulated (detachability).
e Possibility of cancellation.

e Context dependence.

4.4. Analysis of the Connection with the Sara and
John Example

Recognized Communicative Intention
Grice emphasizes that for a message to convey an unnatural meaning, the listener must
recognize the speaker's communicative intention.

In our example:
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e Sara knocks on John's door.
e John does not answer.
e Sara thinks John is alone.

Here, Sara implicitly infers John's state from his lack of response. The information she derives
depends on her interpretation of the signs (John's silence), which corresponds to the
recognition of implicit intention according to Grice.

Unnatural Meaning and Implicature
Grice distinguishes between natural meaning (e.g., a directly observed fact, such as a
photograph) and unnatural meaning (which implies an intention to be understood).

In this example, John's silence is not a purely natural fact; Sara interprets it as a sign that
John is alone. This inference relies on conversational implicature, as she deduces an implicit
belief from observable behavior.

Compatibility with Grice's Theory

As in Grice’s drawing vs. photo example, information is successfully conveyed only if the
interpretation accounts for the implicit communicative intention. Here, the communicative
intention is not explicit, but Sara’s inference follows the same pattern: the listener
understands the situation by recognizing an implicit intention.

Silence Is Not Direct Evidence

John may not respond for many reasons: he could be busy, asleep, distracted, or simply not
hear Sara. Sara’s belief that John is alone is a personal and contextual interpretation—it is
not a logical consequence of silence.

Role of Conversational Implicature

Conversational implicature does not involve deducing a certain truth; rather, it allows the
listener to extract probable or suggested information from context and the assumed
cooperation between speaker and hearer.

In our example, Sara infers that John is alone, but this remains an implicit assumption, not a
fact.

Distinction between Inference and Implication

According to Grice, unnatural meaning requires the hearer to recognize the communicative
intention. Here, John has no explicit intention to communicate that he is alone. Therefore,
Sara’s conclusion is an interpretation, not a certainty.

4.5. Peripheral Awareness according to Hubert L.
Dreyfus (1929-2017)

According to American philosopher Hubert L. Dreyfus, human beings are capable of processing
information that is not explicitly specified by the context. For example, if we assume that Sara
knows John is not asleep at this time, she can deduce that John is in an emergency situation.
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Dreyfus was particularly interested in phenomenology, existentialism, the philosophy of
psychology, as well as the philosophy of literature and artificial intelligence. He argued that
computers, lacking bodies, childhood experiences, and cultural practices, cannot become truly
intelligent. Furthermore, since human knowledge is partly tacit, it cannot be fully articulated
or incorporated into a computer program.

With the rapid development of deep learning, generative Al, and robots equipped with
increasingly sophisticated sensors—especially from 2022 onwards—these arguments are
being questioned. Nevertheless, the idea that general artificial intelligence is impossible
because computers are not situated in the world is still defended by philosophers such as
Ragnar Fjelland. He notes that while deep learning and big data represent the latest
approaches, proponents claim they could eventually achieve artificial general intelligence
(AGI).

A closer examination reveals that, despite impressive Al developments for specific tasks
(sometimes referred to as narrow or applied Al), we are still far from achieving AGI. In principle,
this may be impossible, echoing Dreyfus’s argument that computers, being fundamentally
detached from human embodied experience, cannot replicate general human intelligence.

The Central Question

How can we represent facts and knowledge expressed in natural language in the form of
logical expressions?

4.6. Some Definitions & Basic Concepts

4.6.1. Reasoning

Reasoning is the ability to analyze reality, to perceive the relationships between beings and
objects—whether present or absent—and to understand facts. It can also be defined as a
sequence of propositions connected according to logical principles and organized in such a
way as to reach a conclusion. More broadly, reasoning can be seen as a discourse which,
starting from hypotheses, seeks to demonstrate that certain knowledge is true.

4.6.2.  Syllogism

A syllogism, a term introduced by Aristotle, is a form of deductive reasoning that connects at
least three propositions. The first two are called premises, while the third, derived from
these premises, is the conclusion.
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4.6.3. Axiom

An axiom is a proposition accepted as true without proof. All reasoning is built upon one or
more axioms. A model may then be used to verify or refute the truth of a given proposition.
Frequently, a proposition is itself composed of atomic propositions, for example:

e “Sara knocks on the door” is an atomic proposition.
e “Sara thinks John is alone” is a contingent statement, which may be true or false.

e “Johnis not alone” is not atomic and should instead be expressed as: NOT (John is
alone), where NOT is the symbol of negation.

4.7. Predicate Logic: First-Order Logic

Predicate logic is a branch of classical logic initiated by Aristotle and developed further
through the work of Charles Pierce and Gottlob Frege. Its purpose is to represent the
meaning of statements expressed in natural language.

Thanks to the work of Richard Montague, a philosopher and logician of the 1960s, Noam
Chomsky’s view of natural language as a formal system was extended by introducing
semantics into predicate calculus. Unlike Chomsky, Montague made it possible to formalize
the truth conditions of statements by expressing them in the language of predicate logic.

Translating a sentence first requires identifying the predicates and their arguments, then
linking the predicates together.

Choosing the Predicate
Consider the following statements:
e (EN1) David turns on the television.
e (EN2) David turns on the television in the living room using the remote control.

In linguistics, Davidsonian and neo-Davidsonian theories hold that a verb like to turn on
expresses a relation between two arguments, while adverbs act as modifiers of the verb
(Montague, 1973).

Davidson goes further by arguing that a verb expressing an action, such as to turn on,
actually involves three arguments. Two are nominal arguments, and the third is an event
argument (e), which is implicitly quantified using the existential quantifier 3. Adverbs, in this
framework, are treated as predicates of the event argument.

Thus, the two statements can be represented as follows:

e Je(TurnOn(e, David, Television))
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¢ Je(TurnOn(e, David, Television)) A In(LivingRoom, e) A With(RemoteControl, e)
where e is a variable representing an event.

The overall meaning of (EN1) then becomes: There exists an event e such that e represents
David turning on the television.

Constants vs. Variables
Take the statements: Sara knocks on the door and John does not answer.

The terms Sara and John denote two individuals in the world, called terms in predicate logic.
These terms are constants, usually denoted by lowercase letters (e.g., s = Sara, j & John). In
predicate logic, a constant always denotes the same individual in the world.

By contrast, the individual door is arbitrary — it could be any door in the domain of
description (front door, bedroom door, etc.). In this case, we use a variable, for example x, to
denote the door anonymously, without specifying which door.

Variables (x, y, z, etc.) therefore allow us to refer to individuals in the world anonymously,
while constants always refer to the same specific individual.

4.8. Predicate Logic (PL)

Predicates are represented by symbols, usually borrowed from natural language, although
other symbols can also be used. The arguments of a predicate appear in parentheses and are
separated by commas. The interpretation of a predicate corresponds to a subset of
individuals in the domain that satisfy the property represented by that predicate.

Model and Interpretation Function

A model M used to represent the states of the world is composed of two elements. First, a
set of individuals, called the domain and denoted D , which makes it possible to model the
entities of the world. Then, an interpretation function I that maps the individuals of the
world to the vocabulary of the knowledge representation language, in this case predicate
logic.

Syntax of Predicate Logic
The syntax of predicate logic is based on several sets. First, we have a set of variables

V={x,y,2, .....}. Then, a set of individual constants C = {a, ¢4, ...}, followed by a set of
predicates P = {assists, fatherOf,installedIn,...}. In addition, logical connectives are
used to construct complex formulas: conjunction (A), inclusive disjunction (V), implication (=
), equivalence (&), negation (7), as well as parentheses for grouping expressions. Two
quantifiers are also used: the universal quantifier (V), which designates an arbitrary variable

SABRI Lyazid 127



representing all individuals, and the existential quantifier (3), which designates an arbitrary
variable representing at least one individual.

Examples
Consider the following formula:
EIx(Human(x))/\assists (Kompai, x)ARobot(Kompai) ................ (1)

This formula can be translated as: a robot named Kompai assists at least one human, or
equivalently, there exists a human who is assisted by the robot Kompai. In this expression,
Kompai is a constant, the variable (x) represents a human (for example John or David), and
the predicate assists is a binary predicate.

Another example is given by the formula: Vx(assists(Kompai, x) — Human(x)) A)
Or again:
—3x(Robot(Kompai) A Human(x) A assists(Kompai, x))

which means that Kompai assists only humans.

4.9. Description Logics (DL) & W3C Web Ontology
Language

The ultimate goal of Artificial Intelligence is to design systems that exhibit intelligent
behavior.
To achieve this, three elements are essential:

1. Acquiring knowledge about the world or the specific application domain.

2. Representing that knowledge in a structured form.

3. Reasoning with the knowledge to derive conclusions and make decisions.
Hence, a suitable logical formalism is needed to represent knowledge and enable reasoning.
Knowledge representation approaches can broadly be divided into two categories:

e Logic-based formalisms

e Non-logic-based formalisms

The main distinction lies in their treatment of

reasoning (entailment/implication)
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First-Order Logic (FOL) is often used as a rule-based language. Its advantage is the ability to
express both general statements and specific facts, and to make inferences (e.g., through
guantifiers that refer to sets of objects without having to enumerate them).

At first glance, FOL appears adequate for describing ontologies. However, it is also too
expressive and complex:

e Some forms of reasoning in FOL are undecidable.
e FOL representations can become heavy and cumbersome.

Therefore, researchers have sought fragments of logic that avoid these issues while
preserving reasoning power. This leads us to Description Logics (DL):

A family of knowledge representation languages.

Most DLs are well-defined fragments of FOL.

They are decidable, meaning reasoning procedures always terminate.

They support inference, allowing new knowledge to be derived from existing facts.

In DL, knowledge bases are typically divided into:
¢ TBox (Terminological Box): the conceptual schema (classes, roles).

e ABox (Assertional Box): the instance data (individuals, facts).

4.9.1. Description Logics (DL) vs First-Order
Logic (FOL)

It is important to distinguish Description Logics (DL) from First-Order Logic (FOL).
Problem with First-Order Logic (FOL):

e Very expressive: It allows the formalization of virtually anything (complex relations,
recursion, cardinalities, etc.).

e But: Full FOL is undecidable - we cannot guarantee that a reasoning algorithm will
always terminate with an answer (sometimes it may loop infinitely).

Therefore, Description Logics (DL) were designed to strike a balance between:
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e Expressivity: The ability to represent rich knowledge.
e Computability (decidability): Ensuring that inference algorithms always terminate in
finite time.
To achieve this, certain aspects of FOL were restricted.

Syntactic restriction (example 1)
¢ No arbitrary quantification over multiple variables (it is usually limited to a single

variable linked by a role).
FOL:
VxVy(canExchangeDataWith(x,y) A canExchangeDataWith(y, x)
= Symmetric(canExchangeDataWith))

DL (allowed):
Symmetry is expressed through a role property:

CanExchangeDataWith = (CanExchangeDataWith) — 1

(Interpreted as: if device x can exchange data with device y, then device y can
exchange data with device x).

Only one variable is “bound” at a time through the role.
e No higher-arity functions
FOL:

Treats(x, Therapy(y, z))

Here, the predicate Therapy(y,z) has arity 2 (for example: a therapy defined by
a drugy and a dosage z), and it is used as an argument of another function
(too complex).

DL (allowed):
We keep only binary roles:

Treats(x,t) or Therapy(t)

There is no function Therapy(y,z), only a therapy instance t.

Syntactic restriction (example 2)

Prescribes(doctor, Treatment(patient, drug))

Here, Treatment(patient, drug) is a function of arity 2 (patient + drug). It is
then used as an argument of Prescribes. This kind of nested structure is not
allowed in DL.
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DL (allowed form)
We only keep binary roles:

Prescribes(doctor,t) A Treatment(t) A AppliesTo(t, patient)
A UsesDrug(t, drug)

Interpretation:

v' The doctor prescribes a therapy t.
v' taTreatment.

v' T applies to a patient.

v' tusesadrug.

e Choice of logical operators

¢ We keep conjunction (M), disjunction (Ll), limited negation (-), existential
guantification (3), and universal quantification (V).

e We add cardinality restrictions (2, <).

e But we avoid combinations that make the system undecidable

1. Description Logic (DL) Formalism
Description Logic (DL) is inspired by semantic networks and conceptual graphs. It is a
decidable fragment of first-order logic, designed to represent domain knowledge in a
structured and formal way. DL is based on three fundamental entities: concepts (or classes),
roles (or relations), and individuals (or instances).

By convention, concepts start with a capital letter, such as Robot, Human, House, or Disease.
Roles, on the other hand, start with a lowercase letter, such as assists, hasAssistant, or
hasDisease. The basic syntax includes two forms:

e C(a) or a:C, which expresses that an individual a is an instance of a concept C.

e R(a,b), which expresses that there is a relation R between individuals a and b.

4.9.2. The TBox: Vocabulary and Axioms

The TBox (Terminological Box) introduces the terminology of the domain, i.e., the
vocabulary consisting of concepts and roles. It represents intentional knowledge, meaning the
general structure of the domain.

The basic form in a TBox is a concept definition axiom, built from already defined concepts.
For example:
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Robot = Agent M —Human

This axiom defines the concept Robot as any agent that is not human. It expresses a logical
equivalence, providing both necessary and sufficient conditions.

A role such as nearTo(Person,Object) allows us to define a proximity relation between a
person and an object.

The TBox relies on a set of logical constructors such as
/\IV ';I;)J‘IE)U

(Terminological Box) is subject to certain constraints:

Each concept must have a single definition,

Definitions must be acyclic, i.e., without direct

or indirect self-references.

4.9.3. The ABox: Facts and Assertions

The ABox (Assertional Box) contains factual assertions, i.e., knowledge about specific
instances in the domain. For example:

e Agent(agentl)
¢ Robot(Kompai)
¢ Human(David)
The assertion implicitly expresses, via the TBox, that agent1 is a robot:
—Human N Agent(agentl)

Thus, the ABox describes concrete facts, consistent with the definitions given in the TBox.
Together, the TBox and ABox form the knowledge base, where reasoning can combine logical
and non-logical aspects.
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Formal Semantics

Let Z be an interpretation model and a knowledge base K = (T, .A),
where 7 is the TBox and A the ABox component. An individual a is
an instance of concept C with respect to the knowledge base K and
we write K E a: C if a¥ € C7 holds for all models of K.

The pair of individuals (a, b) is an instance of role r with respect to K
and we write K & (a, b) : r if (a%, b%) € r* holds for all models of K. )

4.9.4. Minimal Description Logic

Minimal Description AL logics form a hierarchical family of formalisms, where each language
extends the previous one by adding new logical constructors. Thus, each step toward a more
expressive logic enables the representation of richer knowledge, while still preserving
decidability for automated reasoning

AL Introduced by Schmidt — Schau3 and G.Smolka in 1991 as a minimal
language with practical interest. Other languages of this family are
extensions of AL logic.

minimal logic since it is the least expressive of the logics

C,D — A (atomic concept)
| L bottom concept, represents the impossible concept
| T top concept, represents the universal concept
| ~A atomic negation
| C M D intersection of concepts
| 3R.T value restriction
VR.C limited universal quantifier
By definition every class CC T
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Example

B Robot, Artifact, Human — (atomic concepts)
B hasAssistant — (role)
B Negation is only allowed on an atomic concept.
—Robot : Represents the class of instances that are not Robot
B The existential quantifier cannot be used with a concept.
However, the universal concept T is admitted.
Human M3hasAssistant. T
represents the class of individuals having an assistant.

The following description is not allowed in minimal logic AL :
Human M3hasAssistant. Robot.
There is no way to express that a human is assisted by at least one Robot.

Note that we cannot express which assistant it is.

B The impossible concept is used to impose a restriction on a relation.
Example : representing humans : having no assistants
Human M YhasAssistant. L

B The interpretation (VR.C) clearly means :
¢ That an individual 7 is related only to class C through relation R.

¢ It is possible that individuals not participating at all in relation R
can also be represented by this description.
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4.9.5. Semantics of the AL language

To define semantics, we consider an interpretation Z and a non-empty
interpretation domain AZ. An interpretation function assigns to each
atomic concept description A a subset AL C AZ, and for each role R a
binary relation RZ C AT x AL, Thus, this interpretation function is
described as follows for other descriptions :

o TZ = AZ;

o 1T = a;

o ~AT=AT\ AT,

o (CN D)= CTnD?;

o (VR.C)T ={ae AT |Vb.(a,b) € RT — b e C*};
o (3R.L)f ={ae AT |3b.(a,b) € RT};

Equivalent Classes |

Two classes C and D are equivalent, and we write C = D, if CT = CZ for every
interpretation Z.

@ For example :

The description of the class of humans assisted by human doctors (assuming
there could one day be robot doctors) can be expressed in two different ways :

Vassist.Human M Vassist.Doctor is equivalent to expressing
Vassist.(Human M Doctor)

B Reminder : With the minimal logic we cannot describe the class of non-human
doctors.

=(Human N Doctor)
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4.10. Extensions of Description Logics

(AL) is generally not expressive enough to represent the ontologies we use

in practice. There are three ways to increase the expressiveness of logic
AL :

@ Add role constructors;
@ Add concept constructors;

@ Define constraints on the interpretation of roles;

@ Description logics come in several languages differing in their degree
of expressivity and complexity

@ Logic AL can be extended using the following constructors :

(ALCIS)H]I[SRDIONZIIFIVIQ]-

Note that the sub-language of AL obtained by eliminating atomic negation is called 7 £, and the sub-language of F L™
obtained by eliminating restricted existential quantification is called F £0. These two languages were the first to serve as a basis
for establishing theoretical results on the complexity of subsumption.

Languages Constructors Concepts
Names of atomic concepts A C
Atomic roles Ri1, R2
Intersection (concept conjunction) AnNc
Universal quantifier (value restriction) VR.C
AL Existential quantifier IR
Top (subsumes all concepts) T
Bottom (has no instance) 4
Negation -A
C Unrestricted negation -3 | V...
u Union (Disjunction) AU C
& Typed existential quantifier IR.C
R Role conjunction R, Ry
S Role transitivity R1.R2 and R3
N Cardinalities (Z nR)(< nR)
H Role hierarchy Ky L Ky
e 4 Inverse role R~
Q Qualified number restriction (> nR.A)(< nR.A)
(@] Named individuals {ay, a5, a3, ..., an} {a{.aé,a;,...,al,}

Table — Correspondence between constructors of different description languages
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ALU,ALE ALF and ALI

The logic AL

Thus, the logic ALU is nothing more than the logic AL enriched with the
constructor L.

@ The union of concepts (indicated by the letter i) is written as follows :
C U D and interpreted as (C U D)= C* u D*.

@ To describe that a Robot only has Screens or Microphones, it can be
expressed as follows :
Robot MV has.(Screen LI Microphone).

The individuals described by this class must belong to the class Robot.
Then, if an individual of the class Robot uses the role has, it can only be
linked to instances of the classes Screen or Microphone. Note that a Robot
individual may not use the property has.

The logic AL

To increase the expressiveness of AL, the letter £ is added, indicating that an
individual must have at least one relation with another individual, specifying the
class of the latter. In contrast, with AL, the existential quantifier can only be used
with the universal concept and cannot be associated with an arbitrary concept.

m The semantics of the full existential quantifier is expressed as : (3R.C)*
={ae AT |3b.(a,b) € RZ Ab € C*}
m Thus, we can represent the class of humans who have at least one assistant

Robot as :
Human M3dassist.Robot

-

The functional relation AL

© A property (relation) defined as a functional property means that an
individual of a class can be associated with one and only one individual of
another class. Formally, for all individuals x, vy, z, if
P(x,y) and P(x,z2) = y =1z

© In the TBox component, a relation assist can be defined as functional as
follows : T C< 1assist

A,

The inverse relation : AL

@ Provides the ability to express that a role is the inverse of another role.
© The semantics of this constructor is expressed as follows :
(R7)*={(x.y) | (v.x) € R*}

© For example, the role assistedBy is the inverse role of assist. Assist (Kompai,
John) is equivalent to saying assistedBy (John, Kompai), and we write :

assist = assistedBy™.

N
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ALN,ALQ,ALCALO,ALH

Cardinality Restriction AL

m This allows expressing the number of times an individual participates in a
property (role). This constructor is indicated by the letter N and the two
connectors < nR and > nR. The semantics of cardinality restriction is
expressed as :

Q (= nR)I={ae L[| {b](a,b) € (R)! |> n}

Q (< nR)*={ae L[| {b](a,b) € (R)" |< n}

© For example, describing that a person has fewer than 2 assistants,
without specifying who : Human < 2hasAssistant. T

Qualified Cardinality Restriction AL

m It is characterized by the addition of the letter Q. This constructor allows
expressing not only the number of times an individual participates in a
relation but also to which class it is linked. The semantics is expressed as :

Q@ (>nR.C)={ac A||{b]|(a,b) € (R)*Abe CT|>n}
Q (< nR.C) ={ac A||{b|(a,b) € (R Abe C|<n}

m Example, describing that a person has at most 2 assistant robots :

Human < 2hasAssistant.Robot.

m Example, describing that a robot is equipped with a single touchscreen :
RobotM < lequipped. Touchscreen.

m Example, describing that a robot is equipped with exactly 2 cameras :
RobotM < 2equipped.Cameral > 2equipped.Camera.

5

.

Full Negation AL

© This constructor is designated by the letter C.

Q@ Allows expressing that an individual is not assisted by a Robot :
—dassist.Robot
—(Human M Agent)

Named Individual Enumeration AL

Q It is enough to add the letter O

© Example : named individuals can be added as follows :
{Alice, John} or { Kompai, Pepper}

Role Inclusion (Hierarchies) AL

© It is enough to add the letter H

© Example : if we define a hierarchy of roles, e.g.,
monitors C assist C help, it means every individual related via assist is also
related via help.
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Caution

New DL languages are obtained by adding different constructors to the
basic language AL :

Example : concept union — ALU

Full existential quantification + cardinality restriction — ALEN
Some constructors are not independent :

Extended negation does not increase expressivity.

ALC and ALUE are equivalent in expressivity.
Full existential quantification and concept union are not necessary if

extended negation is available.
To understand this properly, it is important to first recognize that there are
several logical equivalences in these languages :

-(CubD)=-Cn-D
~(CND)=-Cu-D

-JR.A=VR.-A
-VR.A=3R.-A
-—C=C(

Intuitive interpretation of the equivalences :

Example : Class of parents without daughters —

—3JaEnfant.Femme = YaEnfant.~Femme

Class of those whose children are not all daughters —
—VaEnfant.Femme = JaEnfant.~-Femme

Consequences :

Concept union can be expressed using only negation and intersection :
CUDEﬂ(—ICﬂﬂD)

Existential quantification can be expressed using universal quantification :
3R.C = =VR.-C

These formulations are correct but more complex and less intuitive.
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4.11. Inferences in Description Logic (DL)

Description logic inferences manipulate elements from both TBox and ABox components. To
ensure predictable system behavior, these inferences should be decidable.

TBox inferences:
e Subsumption: Determines if one concept is more general than another.

A concept c is subsumed by a concept D if every instance of ¢ is also an instance of D.
TECED

TemperatureSensor C Sensor (Every TemperatureSensor is by definition a Sensor).
o Satisfiability: Checks whether a concept can possibly have instances.

A concept is satisfiable with respect to a terminology if there exists at least one
possible entity in the domain that can belong to that concept.

Concept: Sensor M =Sensor

Interpretation: This concept is unsatisfiable, because no IoT device can be both a
Sensor and not a Sensor.

TBOX Sat|Sf| abl | |ty Franz Baader & Werner Nutt

Formally : Let a knowledge base K = (7, .A), where T is the TBox
and A is the ABox component. A concept C is said to be satisfiable @
(consistent) with respect to 7 if there exists a model Z of 7 such

that CZ is non-empty. In other words, Z(C) # () (at least one
individual exists for the class).

d. an assertion E is satisfiable if its truth value is true in some interpretation Z.

¢ Equivalence: Identifies concepts that are semantically identical.

Two concepts C and D are equivalent if they have exactly the same instances in all
models of the terminology.

TempMonitor = TemperatureSensor

o Disjointness: Ensures that certain concepts have no shared instances.

Two concepts ¢ and D are disjoint if no entity can belong to both concepts
simultaneously.

Camera N Thermostat E1
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No IoT device can be both a Camera and a Thermostat at the same time

TBox : Equivalence

© Two concepts C and D are equivalent if, for every axiom in the TBox

component, there exists an interpretation Z such that CZ = DZ for all
models Z of 7. We write C=r DorT E C=D.

Franz Baader & Werner Nutt

TBox :Disjonction

@ Deux concepts C et D sont disjoints si les deux concepts sont
sémantiquement différents par rapport au composant TBox 7 (i.e.un individu
ne peut étre 3 la fois C et D), et on écrit C* N D* = () pour tout modele Z
de T Franz Baader & Wemer Nutt

4.11.1. ABox inferences:

o Instance checking: Verifies if a specific individual belongs to a concept.

Verifying whether a particular individual belongs to a given concept according to a
knowledge base: KkEa:C

Individual a is an instance of concept C in all models of the knowledge base K.
Knowledge Base (TBox + ABox):
o TBox: SmartSensor = Sensor I Amonitors.Temperature
o ABox: Temperature(devicel)
Question: Is devicel an instance of SmartSensor?
Answer: Yes, because Temperature E SmartSensor according to the TBox.
¢ Consistency checking: Ensures the knowledge base has no contradictions.

Ensure that the ABox does not contain any assertion C(a) for which it is impossible
for a to belong to the class C.

If the ABox contains SmartSensor(devicel) and also implies devicel = -SmartSensor
via the TBox definitions, the ABox is inconsistent.

Consistency checking guarantees that all instance assertions in the ABox are logically
possible with respect to the defined concepts and roles.
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¢ Role verification: Checks relationships between individuals. Involves checking
whether the roles in an assertion R(a,b) are valid, i.e., whether a and b correspond to
existing individuals.

¢ Realization: Identifies the most specific concepts an individual belongs to.

Complexity of reasoning in Description Logics A
Note: the information here is (always) incomplete and ypdated often y ,(\ a
PO 4
Base description logic: Attributive Language with Complements o”’\?'\ ‘M
ALC::= LI T|A|~C|CND|CUD| 3RC | YRC &Y
Concept constructors: Role constructors: trans | reg
F - functionality?: (s1 R) I - role inverse: R™
N = (unqualified) number restrictions: (2n R), (Sn R) N - role intersectiond: R N S
Q- qualified number restrictions: (2 R.C), ($n R.C) U= PG IO R US
0 - nominals: {a} or {ay, ..., a,} (“one-of") - - role complement: ~R
# - least fixpoint operator: u X.C o - role chain (composition): Ro §
. = - reflexive-transitive closure®: R*
complex roles? in number restrictions® id - concept identity: id(C)
TBox (concept axioms): RBox (role axioms): m;‘:
® empty TBox $ - role transitivity: Tr(R) OM'”
acyclic TBox (A = C, A s a concept name; no cycles) 7 - role hierarchy: R & §
general TBox (C & O, for arbitrary concepts C and D) R - complex role inclusions: ROS G R, ROS & S
s - some additional features (click to see them)
Reset You have selected a Description Logic: ALC
Zof N
Concept . « Hardness for AL(: see [80]
satisfiability PSpace-complete + Upper bound for ALCQ: see (12, Theorem 4.6).
ABox « Hardness follows from that for concept satisfiability.
consistency Ppace:complate + Upper bound for ALCQO: see (12, Appendix A).
prop of the Logic
Finite model Y e tational variant of the multi-modal logic Ky, (cf. [22]), for which the finite model be found in [4, Sect. 2.3)
property es ALC s a notational variant of the multi-modal logic Ky, (cf. [22)), for which the finite model property can be found in [4, Sect. 2.3).
"pﬁz;f“‘y" Yes | ALCis a notational variant of the multi-modal logic Ky (cf. [221), for which the tree model property can be found in (4, Proposition 2.15).
Maintained by: Evgeny Zolin Any comments are welcome:"\;.;,.-f’
Please see the list of updates Emuuﬂczmmx“_'o =

orders, e.9., ALOQIO, but SHOIQ. Here we do not reflect this tradition, but rather use o uniform naming scheme
(2, pp.88,488), [10]), rathe ctionality (see (17, 61, 48, 541).

rature, e.g. ALCVR 1= AL
4 Yun‘sxhv‘e dosure is u:‘u,\ly d‘enoted as ﬁ'. T\'e operators * and * are expressible in terms of each other via equalities: R™ = R 0 R* and R* = id(T) u R”, Note however that the former definition is not linearly bounded. Therefore, any complexity result for a logic with * immediately

4.12. Towards OWL (Web Ontology Language)

Description Logics (DLs) are formal languages with a well-defined semantics. They clarify the
relationship between the syntax of the language and the models representing a domain. DLs
formalize the meaning of the language, enabling the verification of class consistency, ontology
coherence, and implication relationships. The ability to provide such reasoning support was a
key design goal for OWL. Description Logic had a strong influence on the design of OWL,
particularly in the formalization of its semantics, the choice of language constructors, and the
integration of data types and data values.

OWL (Web Ontology Language) was developed as a new ontology language for the Semantic
Web. Ontologies are intended to help automate (through intelligent agents) the processes of
accessing information on the Web. In particular, ontologies provide structured vocabularies
that explain the relationships between different terms, allowing intelligent agents—and
humans—to interpret their meaning flexibly and unambiguously. Terms defined within
ontologies can be used in semantic markup to describe the content and functionality of
resources accessible on the Web.

Introduction to OWL

To preserve both the expressiveness of first-order logic (FOL) and ensure decidability, it is
necessary to use an appropriate modeling language. It is in this context that OWL 1 and OWL
2 are situated.
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The goal is to represent ontologies using logic, relying on description logic, which lies
between propositional logic and first-order logic. This approach allows maintaining the ability
to represent complex knowledge while enabling automated reasoning over that knowledge.

OWL (Web Ontology Language) was developed by the W3C Web-Ontology Working Group to
represent information about categories of objects and their relationships—in other words, to
formalize ontologies. It also allows describing detailed information about the objects
themselves, i.e., data. OWL integrates into the Semantic Web language stack, including XML
and RDF, while remaining compatible with pre-existing languages such as SHOE, OIL, and
DAML-ONT.

4.13. OWL Predecessors

Before the development of OWL, several earlier ontology languages and frameworks laid the
groundwork for representing knowledge on the Web. These predecessor languages introduced
key concepts such as frames, XML syntax, and the use of URIs, while addressing limitations in
expressiveness and reasoning capabilities. Understanding these earlier efforts—SHOE, DAML-
ONT, OIL, and DAML+OIL—provides insight into the evolution and design choices that shaped
OWL.

4.13.1. SHOE (Simple HTML Ontology Extensions)

SHOE was the first attempt to create an ontology language for the Web. It was based on
frames with XML syntax and could be integrated into existing HTML documents. SHOE
introduced the use of URIs for names and allowed the import of other ontologies with
version management and compatibility.

However, SHOE was not based on RDF and lacked formal semantics, which influenced the
design of OWL

4.13.2. DAML-ONT

DAML-ONT was developed by the DARPA program in 1999 to extend RDF with constructors
inspired by object-oriented and frame-based languages. It relied on RDFS but suffered from
insufficient semantic specification, leading to ambiguities for both humans and machines.
Properties had a global scope, which complicated their understanding.

4.13.3. OIL (Ontology Inference Layer)

OIL, designed in parallel by a group of European researchers, combined elements of
description logic (SHIQ), frame-based languages, and Web standards such as XML and RDF. It
did not focus on RDF semantics, which were still being defined at the time..
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4.13.4. DAMLA+OIL

DAML and OIL merged to create DAML+OIL, which served as the basis for OWL. This merger
allowed the strengths of both languages to be combined but also introduced challenges,
particularly with the use of RDF/XML as the official syntax of OWL.

4.13.5. Main Features of OWL

Based on Description Logic: OWL allows ontologies to be formalized and logical
inferences to be made.

URIs for concepts, individuals, and relations: As in RDF, each entity has a unique
identifier.

Class hierarchy: Classes are organized according to subsumption and can be defined
by intersections, unions, or complements.

Property hierarchy and restrictions: OWL allows defining property domains and
ranges, as well as transitive, symmetric, functional, or inverse properties.

Control over individuals: It is possible to indicate class membership for individuals,
declare disjoint classes or individuals, and specify the existence or absence of
property values.

Automated reasoning: OWL is compatible with reasoning engines (Pellet, Fact++) to
infer new knowledge from data and ontologies.

4.14. The OWL Language and Its Evolutions

OWL, proposed by the W3C in 2004, initially consisted of three sub-languages: OWL-
Lite, OWL-DL, and OWL-Full.

OWL-Lite corresponds to the SHIF(D) family, suitable for simple ontologies with
limited restrictions.

OWL-DL corresponds to the SHOIN(D) family, offering higher expressive power, with a
distinction between roles linking two individuals and roles linking an individual to a
literal (Data property).

OWL-Full combines OWL-DL and RDF, ensuring full compatibility with RDF. It is not
decidable.

In 2009, OWL 2 was launched, enhancing expressiveness and replacing the division into three
sub-languages with profiles:

OWL 2 EL: Optimized for ontologies with a large number of classes and properties.
Inferences (consistency, subsumption, classification) can be performed in polynomial
time.
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e OWL 2 QL: Suited for ontologies with many individuals, similar to UML or Entity-
Relationship models, ideal for interfacing a knowledge base with a database.

e OWL 2 RL: Restricts ontologies to forms that can be translated into first-order logic
rules.

4.15. Ontologies in OWL 2

Between 2009 and 2012, OWL 2 was developed to overcome the limitations of the first
version, OWL 1. OWL 1 DL was based on the expressive description logic SHOIN(D) and was
compatible with the existing Semantic Web, particularly RDF. However, it was difficult to satisfy
both of these constraints simultaneously: sufficient expressiveness for complex ontologies and
compatibility with RDF standards. Two approaches had been considered: introducing sub-
languages such as OWL Lite and OWL DL, and extending the RDF model theory.

In OWL 2, every document constitutes an ontology, identified by a unique URI. An ontology
can define prefixes to simplify notation and can import other ontologies to reuse existing
definitions. In functional syntax, an ontology is represented by the term Ontology(...), which
contains all statements describing the classes, properties, and relationships of the ontology.

To define class hierarchies, two types of axioms are possible: class declaration (which simply
establishes the existence of a class) and the direct use of the property rdfs:subClassOf. OWL
introduces the specific vocabulary owl:Class because the interpretation of classes is more
restrictive than in RDF (thus rdfs:Class is not used).

Similarly, OWL allows defining property hierarchies, distinguishing two types:
e ObjectProperty: The property value is an individual belonging to a class.
o DataProperty: The property value is a literal (text, number, date, etc.).
To construct the ABox, OWL provides three types of assertions:
o ClassAssertion: Specifies the class to which an individual belongs.
e ObjectPropertyAssertion: Links an individual to another individual.
o DataPropertyAssertion: Links an individual to a literal value.

This organization allows modeling both the terminological structure (TBox) and specific facts
(ABox) in a coherent and formal language, ready to be exploited by reasoning engines.

4.16. RDF(S) vs OWL : Semantics of the OWL 2
Model Theory
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OWL offers richer expressive capabilities than RDF(S). For example, in OWL, it is possible to
declare that two classes are equivalent or disjoint, and this can be done for an unlimited
number of classes simultaneously using the terms EquivalentClasses and DisjointClasses. In
RDF, representing disjoint classes is not straightforward: one must use an anonymous entity
whose members are listed, which is less intuitive.

OWL also allows specifying the non-existence of a relationship between two individuals, which
is not possible in RDF. For instance, one can indicate that an individual named John does not
have a robot assistant and cannot perform certain tasks alone.

In OWL 2, facts about individuals provide detailed information about specific entities. It is thus
possible to specify the classes to which an individual belongs as well as the values of its
properties, which can be either other individuals (via ObjectProperty) or literals (via
DataProperty), depending on the type of property.

4.16.1. Property Chains in OWL and SROIQ

A property chain (or role chain) allows the composition of multiple relationships to
automatically infer a new relationship. Formally, these relationships are defined in the RBox
(the role box) of SROIQ logic, which forms the formal basis of OWL 2 DL.

The RBox contains all the properties (roles) of the ontology, their hierarchies, their
characteristics (transitive, symmetric, functional, etc.), and property chains.

Thus, a property chain is not a simple link in the ABox (individuals) but a rule for composing
roles that applies to all individuals according to the SROIQ model.

Semantics of the logic SROZQ

Let C be a set of concept names including a subset of nominals N, R a set of role
names including the universal role U,

and | = {a,b,c,...} aset of individual names. The set of roles is

RU{R~|R € R}, where R~ denotes the inverse of role R.

An interpretation Z = (AZ, ) consists of a set AT called the domain of Z and a
valuation -Z that assigns to each role name R a binary relation RIc AT x AT,
for the universal role U, this is the universal relation AT x AZ; and to each
concept name C a subset CT C AZ, such that CZ is a singleton if C € N; finally,
each individual name a is interpreted as an element aZ € AZ.

The inverse role is interpreted semantically as usual :
(R7)F = {{y.x) | {x,y) € R*}
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TBox/ABox/RBox ~~ OWL2

The knowledge base SROZQ(D) consists of a triplet (7,.A,R), where T
denotes the set of class axioms, A denotes the set of assertions, and R denotes
the set of roles and simple roles. A role is called simple if it is not transitive and
does not subsume any transitive roles.

For more details, visit : https://www.w3.org/TR/owl2-direct-semantics/

4.16.2. IoT Example

Context:
¢ Smart home with connected objects:
o MotionSensor (motion sensor)
o Camera (camera)
o AlarmSystem (alarm system)
Properties in the RBox:
1. hasSensor: links a House to a Sensor
2. triggers: links a Sensor to an Event
3. activates: links an Event to an Action
Definition of a property chain in the RBox:
hasSensor o triggers o activates = causesAlerthasSensor
Interpretation:
e If House M has a Sensor (hasSensor),
e And hasSensor triggers an Event (triggers),
e And triggers activates an Action (activates),
e Then M causes an alert (causesAlert).

OWL automatically infers this relationship through the chain defined in the RBox, enabling
efficient reasoning over the individuals in the ABox.

4.16.3. Example: “Property Chains” in OWL 2

In OWL 2, a property chain allows the definition of a new property from a sequence of
existing properties.

Concrete example:
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e There is a property hasParent linking an individual to their parents.

e Inthe previous example, a property hasAncestor was created to link a person to all
their ancestors, regardless of the length of the hasParent chain.

e Here, we want to be more specific: create a property hasGrandparent that links an
individual only to their grandparents, i.e., exactly two hops via hasParent.

Syntaxe fonctionnelle (Functional-Style Syntax)
SubObjectPropertyOf(
ObjectPropertyChain( :hasParent :hasParent )
:hasGrandparent
)
Meaning:

1. ObjectPropertyChain(:hasParent :hasParent): indicates a chain composed of two
successive hasParent relationships.

2. SubObjectPropertyOf(... :hasGrandparent): any chain of two hasParent relationships
becomes an instance of the hasGrandparent property.

In other words:

If A has parent B and B has parent C, then OWL automatically infers that A has grandparent C
via hasGrandparent.

4.16.4. Axiomes TBox

1. Aclassis defined using the vocabulary element owl:Class Equivalent To
2. rdfs:Class is not used (the semantic interpretation of classes in
OWL is more restrictive than in RDF) SubClassOf
3. The use of rdfs:subClassOf is retained to define a class General class axioms
hierarchy
Instances
TargetForKey
DisjointWith

DisjointUnionOf
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4.16.5. Example of the hasKey Property

Example created with Protégé (http://protege.stanford.edu/ ) . The reasoning engine infers
via the hasKey property that the individual Kompai and the individual Nero reference the
same Robot individual.

< X < X
Tel @+ || XX Asserted v @ Kompai
v-- @ owl:Thing / @ Nero

Avl for Key

B hasID

Synchronising

< X

Object property assertions .
) Robot

Data property assertions

B hasID "H125"*Axsd:NMTOKEN

Synchronising

Synchronising

Object Property Axioms (RBOX)

Sutobet D OESR R O, cteristics: hashssis DD S BB

T S0 DS Asserted v

Functional Equivalent To

v -mmowl:topObjectProper Inverse functional

Transitive SubPropertyOf
Symmetric
A InverseOf
Object Property Axioms o
o Jec P rty Reflexive Domains (intersection)
Irreflexive
Ranges(intersection)
DisjointWith
SubPropertyOf(Chain)

4.16.6. Open World vs. Closed World Assumptions

1. Under the Closed World Assumption (CWA), a statement is considered true if its
negation cannot be proven.

2. Under the Open World Assumption (OWA), which underlies OWL reasoning (logical
interpretation), the absence of a fact in the knowledge base implies that the fact is
unknown rather than false.
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3. Both assumptions are useful for reasoning in different applications.

4. OWL 2 introduces Negative Property Assertions, which allow explicitly stating that a
fact does not exist. This can be applied to both Datatype and ObjectProperty types,
partially mitigating the limitations of the OWA.

4.16.7. Unique Name Assumption

e Unique Name Assumption (UNA) is the hypothesis that different names refer to
different individuals.

e Formally, if two individuals aaa and bbb satisfy azba \neq bal=b, then their
interpretations alzbla”*{\mathcal{l}} \neq b~ {\mathcal{l}}alE=bl.

¢ In a database, individuals with different names are indeed distinct. In OWL, if two
individuals have different names, it is possible to infer that they could actually be the
same individual unless UNA is explicitly applied.

e The adapted figure from Sabri et al., 2013, illustrates the need to apply the UNA
principle in loT (Internet of Things) applications.

A real-world object has a

representation
ontology ) in the semantic model.
- . -~
P Real-world object 'S

Property ' (attribute, value) 1

-——— -,
- L.

asingle
reference

-~ -
S, ==

| A unique instance of
| observation in the
| knowledge base

Digital data products

1
I

| (signal processing)
] Sensor

SABRI Lyazid 150



Example 1

Example : Reasoning under the UNA Assumption

Considérons la TBox suivante :

Class : Robot

Class : Space

ObjectProperty : hasRobotCompanion & ObjectProperty : locatedAt

Class : Human EquivalentTo :

locatedAt exactly 1 Space «w"" located = 1.Space

hasRobotCompanion max 2 Robot «~"t hasRobotCompanion < 2.Robot
SubClassOf : hasRobotCompanion only(({kompai}) or ({nero}))

«~PL hasRobotCompanion 1 YhasRobotCompanion({kompai} LI {nero})
The following figure shows the definition of these axioms in Protégé

Description: Human 2] (0 = ] %]
Equivalent To -
) hasRobotCompanion max 2 Robot

) locatedAt exactly 1 Space

SubClass Of

¢ hasRobotCompanion only ({kompai} or {nero})

Synchrenising
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Example 2

I 42

Example : Reasoning under the UNA Assumption

Consider the following TBox :

Individual : hospital Types : Space «~"" Space(hospital)
Individual : johnHouse Types : Space «~"" Space(johnHouse)
Individual : david Types : Humana~?" Human(david)
Individual : john Types : Human «~"" Human(john)

Facts :

hasRobotCompanion kompai, «~°" hasRobotCompanion(john, kompai)
hasRobotCompanion nero, «~"" hasRobotCompanion(john, nero)
hasRobotCompanion tutu, «~"" hasRobotCompanion(john, tutu)
locatedAt johnHouse «~"" locatedAt(john, johnHouse)

locatedAt hospital «~"" locatedAt(john, hospital)

Individual : kompai Types : Robot «~"" Robot(kompai)
DifferentFrom : nero «~"" {kompai} C —{nero}

Individual : nero Types : Robot «~P" Robot(nero)
DifferentFrom : kompai «~Pt {nero} C —{kompai}

Individual : tutu Types : «~~"t Robot(tutu)

The following figure shows that the inference engine concludes that the individuals johnHouse
and hospital are the same. Indeed, on one hand, we have the axiom (locatedAt exactly 1
Space) which requires that a Human individual can be located in only one place, and on the
other hand, assertions in the ABox indicate that the individual john is at two different locations
hospital and johnHouse ( The temporal aspect is not considered in this reasoning) which
therefore forces the conclusion that the two spaces actually refer to the same place;
otherwise, the ontology would be inconsistent.

SABRI Lyazid 152



4 X
Description: hospital ][0 = =] ]

Types =
{ Space
Same Individual As
& johnHous ||
& vA

__| Synchronising

4.16.8. OWL:SamelndividualAs

If we make explicit that the two individuals (hospital, johnHouse) are different, formally
hospital = — johnHouse. Consequently, an inconsistency will be raised; the figure illustrates
the explanation provided by the Pellet reasoner.

Note that we could also have used the axiom: M<1 located.Space.

[£] Inconsistent ontology explanation X
® Show regular justifications ® All justifications
Show laconic justifications ' Limit justifications to
Explanation1 [ | Display laconic explanation =l

Explanation for: owl:Thing SubClassOf owl:Nothing
Human SubClassOf locatedAt exactly 1 Space
hospital DifferentFrom johnHouse
john Type Human
john locatedAt johnHouse
john locatedAt hospital
hospital Type Space
johnHouse Type Space

SABRI Lyazid 153



Querying the location of the individual david will not yield an answer. Indeed, under the open-
world assumption, the fact that the property locatedAt does not link any space to the
individual david does not cause any problem in OWL, and the answer would be unknown. It is
partly logical and reasonable not to be able to provide a precise location for david (since it is
unknown).

4.16.9. Reasoning based on Domain & Range

1. Human E V assistedBy.Robot: Expresses that a human can only be assisted by a Robot.

2. T CV assistedBy.Robot: Expresses that the range of the property assistedBy is Robot.
That is, any property in the universe (domain) using assistedBy must have as its value
an individual of type Robot.

3. assistedBy(john, david): Expresses that john is assisted by david.

From (1) to (3), we can infer that david is a robot (the next slide explains this implication).
In a closed-world scenario, this reasoning is rejected due to constraint violation.

4. Human M Robot = 1: Expresses that the classes Robot and Human are disjoint. This
prevents a human from assisting another human. Consequently, this axiom raises an
inconsistency if assertion (3) is added to the knowledge base

| X 2& Explanation for david Type Robot b, G
Description: Robot PR o
® Show regular justifications ® Al justifications
Show laconic justifications Limit justifications to
Explanation 1 Display laconic explanation L=

assistedBy Range Robot NO
john assistedBy david ALL

Explanation 2 Display laconic explanation

Human SubClassOf assistedBy only Robot NO
john Type Human NO
john assistedBy david ALL -

However, david is of type Human according to ABox K

Syncinuinsiny |
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In ambient intelligence systems

The environment is dynamic, and consequently, first-order logic formalisms and ontologies cannot
represent facts whose truth value is not known in advance or may continuously change. Consider the
case where john, of type Human, must be assisted by at least one robot;

formally in DL we write: Human = 7 assistedBy.Robot.

If no value links the property assistedBy to john, then trying to determine the number of robots
assisting john will not be possible within ontology-based reasoning. Such reasoning may in some
cases lead to erroneous or contradictory deductions. In contrast, in systems based on the closed-
world assumption, the answer would unambiguously be 0.

4.17. Reasoning Engines

OWL 2 DL: Pellet. https://github.com/stardog-union/pellet

FaCT++: https://bitbucket.org/dtsarkov/factplusplus

HermiT: https://github.com/phillord/hermit-reasoner

OWL 2 EL: https://github.com/liveontologies/elk-reasoner

OWL 2 QL: https://github.com/ontop/ontop/

OWL 2 RL: RDFox. http://www.cs.ox.ac.uk/isg/tools/RDFox/
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