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Teleology - Recap

Teleologies are enriched ER models with the difference that
they are designed to explicitly model the purpose:

1 allow to define the spatio-temporal context.

2 allow to model data and object properties as objects, functions
and actions.

3 Teleologies (equivalent to ER models) are extended to
teleontologies (equivalent to EER models) only after the explicit
selection of an ontology and with a clear purpose.

Teleologies provide the basis for a general model for the
heterogeneity of knowledge.
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ER Model Limitations - SOLVED !!!

The following two main weaknesses of ER models are solved via
modelling a teleology:

What situational context is the ER model modeling?

Solved by making explicit the spatio-temporal context in
which the entities of a teleology are contained.

Where do data and object properties come from?

Solved by making explicit the functions and actions via
which the entities of a teleology interact within the
spatio-temporal context.
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ER to EER Model - STILL UNSOLVED
The design of EER models, as extensions of ER models, should be
driven by the need of facilitating reuse.

Where do the extra etypes of the EER model come from?

The step from an ER model to an EER model is completely
undefined.

The etypes in ER models do not conform to a general theory
about what exists in the world around us.

As a result, the etype hierarchies in EER models are developed
in a focus-less fashion, without a clear methodology.

This results in hindrance of:
(i) data and knowledge reuse, and consequently
(ii) lack of semantic interoperability.
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ER to EER Model - proposed solution
The solution proposed:

1 ...

2 ...

3 Teleologies (equivalent to ER models) are extended to
teleontologies (equivalent to EER models) only after the
explicit selection of an ontology and with a clear purpose.

How to do it?
Make explicit reference to a general representation of the world
(an ontology)
Choose the best possible ontology among those which are
available
Extend the current teleology with information coming from the
selected ontology, based on the purpose, thus generating a
teleontology
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What is an Ontology (philosophy)?
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What is an Ontology (Computer Science)?
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What is an Ontology (The key aspects)?
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What is a Conceptualization?
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Formal, Explicit Specification
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Why is SHARED of importance?
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The Ontology Building Block: IS-A
Relation
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IS-A Hierarchy: Example Taxonomy
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Types of Ontologies
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Domain Ontologies

Fausto Giunchiglia Formal Modelling 17 / 54



Example: schema.org (fragment)
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Example: An Activity Ontology
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Example: The GENE Ontology
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Domain ontology - Characteristics

Sharing common understanding of the structure of information in
the selected domain (among people or software agents)

Enabling reuse of domain knowledge

Making explicit the domain assumptions underlying an
implementation. (key feature: It is thus easier to change these
assumptions easily if our knowledge about the domain changes).
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Ontologies - our own perspective

The language of an ontology is written in a conceptual language
which eliminates the ambiguites of NLP

Given a language, an ontology is an entity type (etype) graph
(ETG). An ETG is a set of etypes which associated with a set of
objects and data properties (similarly to ER models)

The ISA hierarchy is modeled as specialization hierarchy where
more specific etypes inherit properties (similarly to EER models)

Being designed with a more general purpose than a teleology
(never made explicit in the SoA ontologies), an ontology provides
a general view, and extra etypes and properties

An ontology provides a more general view of the domain and
extra etypes and properties (more general, but not only) which
can be used to enrich a teleology, towards sharing and
reusability.
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Teleontology - Motivation

Given a teleology modelled via objects, functions and actions,
there is a distinct need to confer teleological concepts with
ontological semantics. For example, which existence category
does the teleological concept park or student belong to?

In other words, there is a distinct need to embed abstract-level
(domain) semantics during the process of building EER models
from ER models.

Conforming to a reference ontology will enable reusability and
shareability of teleologies in similar spatio-temporal contexts.

Conforming to a reference ontology will also enable semantic
interoperability of teleologies in similar spatio-temporal contexts.
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Teleontology - Definition
Teleontology: A teleontology is a teleology extended with more
etypes which grounds it to what exists in the world around us.
Given a teleology generated according to a purpose, a reference
ontology is selected/designed to which the teleological concepts
are aligned. Concretely axiomatized as an OWL RDF/XML file.

It is, thus, a graph encoding IS-A, SPATIAL PART OF,
LOCATED IN relations + functions and actions (in the form of
object and data properties) amongst the potential concepts to be
modelled.

A teleontology models the specific concepts of a domain
characterized by their (object and data)properties via the
teleology.

While at the same time, it semantically constrains the ontological
meaning of the concepts in the teleology via their link to the
chosen reference ontology.
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Teleology - General Structure
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Ontology - General Structure
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Teleontology = Teleology + Ontology
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Teleontology - Example
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Teleontology modeling - the process

Step (1): Generate teleology [INFORMAL MODELLING]

Step (2): Choose reference teleontology

Step (3): Align teleology to (tele)ontology, possibly generating a
new revised teleontology

Step (4): Annotate the new terms with namespace information

Step (5): Extract schema from teleontology

STEP 2: Resources from available catalogues (see lecture
"W2.L2.Reuse Problem"). But see also LiveKnowledge catalog below
STEP 2: In this class knowledge resources suggested as part of the
project definition)
STEP 4: See the UKC below.
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Teleontology modeling - step 2
Step (2): Choose reference teleontology

1 Choose reference teleontology
If suitable teleontology exists return teleontology,
otherwise choose reference ontology

2 Choose reference ontology
If suitable ontology exists return teleontology built from ontology
and teleology
otherwise choose choose reference standard

3 Choose reference standard
If suitable standard exists return minimal ontology built from
standard and teleology
otherwise model customized minimal ontology (EER model) from
teleology

NOTICE you might have to build yor own customized ontology by
suitably integrating relevant fragments (e.g., person from schema.org,
patient from FHIR etc.) from several reference ontologies.
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Teleontology modeling - step 5
Step (4): Build schema by:

1 dropping the teleological root Everything

2 dropping the ontological root Anything

3 deleting entities/properties (e.g., entities and properties which
are too general and/ or not relevant) from the teleontology
according to specific application purpose. Typical candidates
are common on even core etypes and properties.

4 adding entities/properties to the teleontology according to the
specific application purpose. Typical examples are those
contextual etypes and properties which were deleted before
step 2 because very application specific - It would have been
hopeless to try to match them with reference teleontologies.
And also useless to save them in reusable teleontologies.
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Step (1) - Generate Teleology
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Step (2) - Choose/Build (Tele)Ontology

NOTE: The above ontology is customized with the Transit Element
fragment from the GTFS Ontology and the Building fragment from the
INSPIRE Directive.
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Step (3) - Align to form Teleontology
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Step (4) - Build Schema

NOTE: ‘Bus Agency’ deleted from previous teleontology following
application-specific purpose + Anything & Everything Dropped.
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Standards and Tools

Namespaces ensuring unique names (we use existing ones
plus our own namespace for new terms you will introduce).

RDF (Resource Description Framework): The W3C endorsed
triple-based data modeling language (sub, property, obj). All
information is stored and represented in the RDF.

OWL (Web Ontology Language): The schema language, or
knowledge representation (KR) language, of the ontologies.
OWL enables you to define concepts composably so that these
concepts can be reused as much and as often as possible.
SPARQL (SPARQL Protocol and RDF Query Language): The
W3C endorsed language employed to query ontologies. It is
specifically designed to query data across various systems.

Protégé 5.5.0: The open source software tool to model and edit
ontologies.
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LiveKnowledge - The KGE catalog

LiveKnowledge, currently LiveSchema, is a high-quality catalog
of reference ontologies, teleologies ad teleontologies.

Currently, it aggregates ontological schemas from several
state-of-the-art repositories such as Linked Open Vocabulary,
FINTO etc.

You may find the reference ontolgies (for STEP (2)) from the
Liveschema catalog via filtering through domain (e.g., geography,
healthcare).

The teleologies, ontologies and teleontologies that you produce
will be published the LiveSchema/LiveKnowledge catalog.
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https://lov.linkeddata.es/dataset/lov/
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LiveSchema

Fausto Giunchiglia Formal Modelling 44 / 54



Contents
1 Teleology - Recap

2 Ontology
The notion - from the SoA
Types of ontologies - from the SoA
Ontologies - our own perspective

3 Teleontology

4 Teleontology modeling in iTelos
The process
An example

5 Standards and tools
Standard and tools from the SoA
LiveKnowledge - The KGE catalog
The UKC - Language annotation

6 References

Fausto Giunchiglia Formal Modelling 45 / 54



The UKC - Universal Knowledge Core
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UKC - Definitions
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UKC - Definitions (Contd.)
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Step (4) - Language Annotation
The UKC enabled Annotation transforms the informal terms of the
teleontology to formal concepts. Three main objectives:

Representing each informal concept in the teleontology with the
unique identifier (GID) from UKC, thus, rendering each concept
formal and absorbing conceptual diversity.

The teleontolology vocabulary has both already existing
concepts in the UKC CC, and, new concepts absent in the UKC
CC. We align the existing concepts with their equivalents in the
UKC CC and extend the UKC CC by adding (only) the new
concepts (with new GIDs), thus, absorbing conceptual as well as
language diversity.

Due to the LC, each concept can also be rendered multilingually,
thus opening up the possibility to adapt the teleontology in any
language or culture.
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Step (4) - Annotation Methodology
The general methodology for language annotation, as semi-
automatically performed via an annotator tool is as follows:

Each term (concept) is selected from amongst the classes,
relations and attributes (all terms from all these hierarchies are
considered; one at a time) from the teleontology

The term is (semantically) searched in the UKC Knowledge
Base (UKC KB) via the annotator tool, and the step will result in
one of the following two scenarios:-

Scenario 1 (S1): Synonymous Match between the teleontology
concept and a synonymous concept found in the UKC KB
Scenario 2 (S2): No Existing Semantic Match between the
teleontology concept and any concept in the UKC KB (that means,
New Concept !!!)
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Step (4) - Annotation Methodology (Cont.)
(S1) In case of a Synonymous Match, the concept is mapped to
the semantically synonymous concept in the UKC CC, and thus
is assigned the latter’s GID. The key step is to choose the
semantically synonymous concept amongst the options
suggested by the annotator tool.

(S2): In case of a No Existing Semantic Match, the concept, via
the annotator tool, is declared as a new concept with respect to
the UKC CC.

This step is incremental as all concepts from all hierarchies are
sequentially examined.
It results in alignment of all the concepts with their equivalent
counterparts in the UKC KB, and thus each concept annotated
with a unique GID
As a result, multiple (tele)ontologies are mapped to the single
UKC (the single, unified background knowledge).
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Step (5) - Example
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