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Introduction to Ontology
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There is a discipline Ontology, which is the philosophical study of ‘being’.
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There are specific ontologies used in knowledge management (KM), knowledge

representation and computer science that describe a system of objects or concepts
in some domain.
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An ontology is a specification of a conceptualization.
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Ontologies in KM are used to define properties of and relationships between the
concepts.
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Ontologies are used by people (e.g., by experts) and by computers (e.g., in semantic
web applications).
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Computer applications of ontologies require standardization in the definition of
computer languages for ontologies.
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Classes, relationships between them, and constraints that hold between/for them,
with possibly individuals and their relations as a representation of a particular
subject domain
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Example: Movie Ontology
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Domains of Ontologies
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Ontologies can describe knowledge and concepts at different levels of abstraction:
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Upper ontologies represent common concepts and relations used across a wide range
of domains (e.g. OpenCyc, SUMO, WordNet).
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Domain ontologies represent concepts and relations specific to some domain (e.g.

Movie Ontology, Gene Ontology).
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Different domain ontologies are often incompatible with each other or with the upper
ontologies.
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Components of Ontologies
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Ontologies usually consist of:
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1. Individuals or instances of objects.
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2. Classes or sets of collections of objects.

3. Attributes or properties that objects may have.
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4. Relations ways in which concepts can be related to one another.
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« Individuals, classes, and attributes together can be considered as the set of all
concepts cy,...,ch€ C.
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« Relations are ‘links’ between pairs of concepts, such as (C1, C3)€ 1, (C2, C4)E I'2
means c; is related to c; by relation ry, and ¢, ¢4 by ro.
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. Ontologies may also contain restrictions (constraints describing individuals or
classes), axioms (a priori assertions always assumed to be true),
and events (changes of attributes or relations).
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Individuals
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Individuals are specific instances of the concepts or objects.



Example 1 (Individuals). — In the Movie ontology, individuals can be a specific film
(Sherlock Holmes: A Game of Shadows), a specific director (Guy Ritchie), a specific

actor (Robert Downey).
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— The film genre (Action) is not an individual. ;
S8 el (OSY) Al & g3

* Individuals represent the ground or atomic level of the ontology. ;
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* An ontology may have no individuals, only classes.
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Classes
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Classes, types or categories are sets of individuals.
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Example 2 (Classes). In the Movie ontology, movie genre (e.g. Comedy, Drama),
types of person (Actor, Director) are classes.
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Classes can be organized into a hierarchy or taxonomy using the Subclass Of relation
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All ontologies have at least two classes: ‘ ‘
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Thing representing the class of all concepts (i.e. the universe or domain).
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Nothing representing the empty set (a subset of any set).
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As in formal concept analysis (FCA), classes can be characterized by their Extent

(all elements of the class) or Intent (all common attributes within the class).
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FCA algorithms can be used to automatically derive the taxonomy of an

ontology.
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Summary

+ Ontologies are common specifications of a conceptualization used for
knowledge representation and reasoning.

+ There are domain ontologies and upper ontologies.

+ Ontologies contain individuals, classes, attributes of concepts and relations
between them.

+ There are several formal languages for ontologies.

+ KM applications take advantage of domain specific ontologies as well as a
number of published upper ontologies.

+ Ontology engineering is becoming an important area of Knowledge
Management,

+ E-commerce and the Semantic Web (Gomez-Perez, Fernandez-
Lopez, & Corcho, 2004).
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The Meaning Triangle

»  Humans require words (or at least symbols) to communicate
efficiently. The mapping of words to things is indirect. We do it by
creating concepts that refer to things.

e The relation between symbols and things has been described in the
form of the meaning triangle:

Val ~

evokes refers to
P a
---------------------------- »| Thin
“Jaguar“ Symbol stands for 9

Ogden, C. K. & Richards, I. A. 1923. "The Meaning
of Meaning." 8th Ed. New York, Harcourt, Brace &
World, Inc

before: Frege, Peirce; see [Sowa 2000]
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Concept
A

| evokes

(Ogden, C. K. & Richards, I. A. 1923. "The Meaning of Meaning." 8th Ed. New
York, Harcourt, Brace & World, Inc)
(before: Frege, Peirce; see [Sowa 2000])
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Human and machine communication
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Main idea:

It's about how humans and computers share and understand information.

Key parts:
Symbols (Language):

Humans and computers exchange symbols, like words or signals.
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Things

Example: Humans say "JAGUAR," and computers send signals through protocols.

Concepts (Meaning):

The symbols refer to concepts, which are ideas or meanings.

Both humans and computers have internal models of these concepts.
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For example, the word "JAGUAR" may be linked to a concept of a car or an animal
in the mind.

Ontology (Shared understanding):
A formal way to describe concepts and how they connect.
Looks like a big "map" of ideas.

When humans and computers exchange info, they often "commit" or agree on the
same understanding via this ontology.

Things (Specific objects):

The diagram shows a specific example, like a car or a leopard.
These are real-world things that the concepts refer to.

Overall:

Humans and machines communicate by sharing symbols (words/signals)
representing ideas (concepts). They use common descriptions (ontology) to ensure
they understand each other about specific things in the world.
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Ontology: A definition

An "ontology” describes the common words, concepts and
relationships between concepts used to describe and represent an
area of knowledge.

An ontology can range from a

«  Taxonomy (knowledge with minimal hierarchy or a parent/child structure) to
a...

Thesaurus (words and synonyms)toa ....
+  Conceptual Model (with more complex knowledge) to a...

« Logical Theory (with very rich, complex, consistent and meaningful
knowledge).

A well-formed ontology is one that is expressed in a well-defined
syntax that has a well-defined machine interpretation consistent
with the above ontology definition
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Ontology terminology that we will use

Class: Description of a concept in domain of discourse
+ E.g. “Room” in the intelligent space domain
Slot/Property: Describes attribute of a concept or

relationship of a concept
« E.g. longtitude and latitude of a room provides its coordinates
« E.g. isSpatiallySubsumedBy — points to instance of class “Building”

Facet/Restriction: Describes a constraint on a slot
+ Slot cardinality e.g. one or many values allowed in slot

+ Slot value type, e.g. String, Number, Boolean, Enummerated,
Instance
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Ontology Spectrum

Weak Semantics

I Relational Model
Can be arbitrary deonomy
“is subflassication of”
Term Semantic relations used: Thesalirus
Synonyms, homonyms, L . . ER
narrower meaning, broader X is a homgnym of y, e.g. tank
meaning
Conceptual Model
Concepts, Properties, ‘Is subcigss of” i RDF/S: XTM
Relationships, Rules *\
Logigcal Theory UML
“Is disjoint subglass ¢f with transitivity
propeuty” .
o OWL
Axioms (range of statements \0
asserted to be true) + Descri ptlon LOQIC
Inference Rules (rules that given
assumptions provide valid conclusions)

Vl/* First Order Logic

Strong Semantics

[Daconta 2003]
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XML based ontology languages

Association

Madama
Butterfly

1
1
i
1
1
1
1
!

Al 1},el'e influenced Rame
.-~ by'RDF .

k; Topic Puccini
DAML+OIL /

DAML = DARPA Agent Markup Language
OIL = Ontology Inference Layer

OWL=0ntology Web Language XM L TOp | Cc Ma pS (XTM )
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Ontology Modeling
An explicit description of a domain

animal
Concepts (class, set, type, predicate)
* event, gene, gammaBurst, atrium, ) :
molecule, cat vermin domestli
Properties of concepts and I dog
relationships between them (siot) cat
. sat - dent —z7s W
« Taxonomy: generalisation ordering rod eats
among concepts isA, partOf,
SubProcess

* Relationship, Role or Aftribute:
functionOf, hasActivity location, eafs,
size isA

— relationships
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An explicit description of a domain

Constraints or axioms on properties and concepts:
+ value: integer
» domain: cat
« cardinality: at most 1 animal
* range: 0<=X<=100
+ oligonucleiotides < 20 base pairs

» cows are larger than dogs vermin domestic

+ cats cannot eat only vegetation 4 I \

+ cats and dogs are disjoint cat dog
Valugs or coqcrete domains rodent —safe Cow

* integer, strings i

+ 20, trypotoplan-synthetase

mouse

This image provides an explanation of what is called an "explicit description of a
domain™ in a scientific or mathematical context. It appears to focus on how to specify
the properties and concepts associated with a domain—here, the domain is related
to animals, specifically some mammals like mice, rats, cats, dogs, cows, and a
vermin.
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Breakdown of the content:

1. Constraints or axioms

These are properties or rules that define the domain clearly:

« Vvalue: must be an integer

. domain: is 'cat' (meaning the domain involves cats, or possibly referring to
the set of cats)

. cardinality: at most 1 (likely referring to the number of members in some
context)

« range: 0 <X <100 (values are within this range)
« oligonucleotides: fewer than 20 base pairs (a genetic detail)

. Additional rules specify some size relationships (‘cows are larger than dogs'),
diet restrictions (‘cats cannot eat only vegetation’), and disjointness between
cats and dogs.

2. Values or concrete domains
These are specific data types or values that are part of the domain:

« Integer and strings
« Numerical example: 20 (perhaps as a value for a certain parameter)
. Biological concept: "tryptopanal-synthase” (an enzyme or molecule)

The diagram on the right:

. The diagram shows a hierarchical classification or taxonomy, with various
animals labeled in red:
o "animal” is at the top

o "vermin" is a subgroup under animal
o "rodent" under vermin
o "mouse" under rodent

o "eat" is an action linking mouse to rat (or rodent), possibly implying
that rodents eat or are eaten.

o "domestic"” is linked to "cat," "dog," "cow"
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« The diagram helps illustrate the relationships and classification within the
domain.

An explicit description of a domain
animal

Individuals or Instances vermin domestic

« sulphur, trpA Gene, felix R I \ \

Ontology versus Knowledge Base cat dog

« An ontology = concepts+properties+axioms COW
+values roﬁje‘nt’éﬁs\

* A knowledge base = ontology+instances

mouse felix

\ tom

mickey
jerry
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