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Knowledge Definition Phase

Input: the gathered information resources for the KGE project, the formalized user’s
purpose and the (open) knowledge catalog, e.g., the LiveKnowledge catalog.

Output: the knowledge teleontology relevant to the KGE project and the aligned
datasets.

kTelos: the kTelos process aims at choosing and reusing the knowledge resource (termed
as a knowledge teleontology) relevant for generating the schema of the final Entity Graph
of your KGE project.
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Knowledge Definition Phase (contd.)

The Dataset Alignment activity aims at aligning the dataset previously collected, cleaned
and formatted, with the modelling choices decided and encoded in the knowledge
teleontology.

The knowledge teleontology considered for the final KG should represent the entity types,
properties and data types in a similar structure with respect to their representation into
each single datasets you considered for your KGE project.
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Knowledge Definition Phase (contd.)

At the end of the phase, an evaluation is carried out whether the knowledge teleontology
chosen covers the general entity types relevant to the KGE project purpose and whether
the datasets are aligned to the knowledge teleontology in terms of properties and data
types. To correct any misalignment, the phase allows a backward loop.

Overall, the knowledge definition phase aims at:
unifying the representation of the information;
improving the interoperability of the final KG(s) by aligning to a knowledge
teleontology.
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What are ER Models?
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ER Model: A Complete Example

Part 5 - The iTelos Methodology Part 5.6 - Knowledge Definition 323



Knowledge Graph Engineering Department of information engineering and computer science

Phase 4 - Knowledge Definition (Theory)

1 Knowledge Definition Phase
2 Specification

ER Models
EER Model

3 Ontologies
Models
Technologies & Tools (RDF, RDFS, OWL, Protégé)

4 Limitations
Limitations of ER/EER Models
Limitations of Ontologies

5 Knowledge Definition
Knowledge Teleontology
kTelos
Dataset Alignment

6 iTelos Schema Alignment Process
Part 5 - The iTelos Methodology Part 5.6 - Knowledge Definition 324



Knowledge Graph Engineering Department of information engineering and computer science

Extended ER (EER) Model
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Characteristics of EER Models
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EER Model Example
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Protégé Ontology Editor (Click Here)
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Protégé: Interface Illustration
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Limitations of Ontologies
The language in which a standard ontology is written is ambiguous, i.e., the words
denoting entity types and properties are neither explicitly grounded in natural language
(e.g., via WordNet) nor are they semantically disambiguated (e.g., via unique identifiers)

Given the limitations of the underlying EER model behind a standard ontology, the
design decisions behind modelling how entity types in a standard ontology are described
and interrelated using properties are left implicit and unspecified.

Further, in a standard ontology, it is implicit and unspecified whether an entity type is
purpose-specific, e.g., for a particular KGE project, or is a common entity type, reusable
across differet purposes and applications.
Finally, due to the limitations of the underlying EER model behind a standard ontology,
the process behind how the hierarchy of entity types is modelled in standard ontologies
remains equally unclear and underspecified.
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Knowledge Teleontology - Definition

A knowledge telentology is a graph which encodes entity types:

hierarchically structured via IS-A and/or PART-OF relations
interrelated via object properties connecting two etypes
described by data properties relative to an etype

A knowledge teleontology is grounded into what exists in the world as the terms
modelling the entity types and properties in a knowledge teleontology are formally
aligned to the UKC hierarchy and identified uniquely via UKC global identifiers.
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How Knowledge Teleontology overcome limitations of ontology

The language in which a KGE knowledge teleontology is written is completely
unambiguous, i.e., the words denoting entity types and properties are explicitly grounded
in natural language (e.g., via annotating the UKC) and they are semantically
disambiguated (e.g., via unique identifiers - GID - provided by the UKC)

The design decisions behind modelling entity types in KGE via describing and
interrelating using properties are made explicit by documenting the design decisions
encoded in a knowledge teleontology.

Finally, the hierarchy of entity types modelled in KGE is made explicit and specified by
following the dedicated kTelos process of modelling the knowledge teleontology.
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Example Knowledge Teleontology (OSM)
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kTelos
The top-down process for modelling knowledge as knowledge
teleontologies is known as the kTelos process. It is as follows:

1 Input to kTelos: the domain language aligned to the UKC hierarchy
defining unambiguously words which should be used to model entity
types and properties.

2 kTelos: using the words in input to generate a knowledge teleontology
via the following process:

modelling the entity type hierarchy by selecting the words denoting
entity types and placing them in an IS-A hierarchy.
modelling the object properties by selecting the words denoting object
properties and defining their domain and range entity types.
modelling the data properties by selecting the words denoting data
properties and defining their domain entity type and data type.

3 Output of kTelos: the knowledge teleontology file in output.
4 Knowledge Reuse in kTelos The knowledge teleontologies thus

modelled are discoverable from the LiveKnowledge catalog developed
at the KnowDive Group. See next slides.
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Live Knowledge: Home Page
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Live Knowledge: Example Resources

Part 5 - The iTelos Methodology Part 5.6 - Knowledge Definition 359

https://datascientiafoundation.github.io/LiveKnowledge/


Knowledge Graph Engineering Department of information engineering and computer science

Phase 4 - Knowledge Definition (Theory)

1 Knowledge Definition Phase
2 Specification

ER Models
EER Model

3 Ontologies
Models
Technologies & Tools (RDF, RDFS, OWL, Protégé)

4 Limitations
Limitations of ER/EER Models
Limitations of Ontologies

5 Knowledge Definition
Knowledge Teleontology
kTelos
Dataset Alignment

6 iTelos Schema Alignment Process
Part 5 - The iTelos Methodology Part 5.6 - Knowledge Definition 360



Knowledge Graph Engineering Department of information engineering and computer science

Dataset Alignment in Knowledge Definition Phase

Dataset Alignment: For the data layer, the activity aims at aligning
the dataset previously collected, cleaned and formatted, with the
modelling choices decided and encoded in the knowledge teleontology
and teleology.

The reference knowledge teleontology considered for the final KG
should represent the entity types in a similar structure (in terms of
entity types, properties and data types) respect to their
representation into each single datasets you considered for your KGE
project.
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Need of Schema Alignment

The above high-level process illustrates how:
ontology (UKC) is generated from natural languages
domain languages are designed using ontology (UKC)
knowledge teleontologies are generated using domain languages via
kTelos
finally, the purpose (informal ER model) is aligned to a
knowledge teleontology, via iTelos, to generate the teleology for
final EG generation. Without the schema alignment, a teleology
cannot be generated. Therefore, the need of schema alignment
in KGE.
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iTelos Schema Alignment
The iTelos schema alignment approach (see: Paper) is as follows:

Given a knowledge teleontology, the main idea is “properties can help to
match/identify an entity type” in a schema, so, in the KnowDive group, we utilize
a machine learning-based matching approach wherein we exploit a property
matcher and an entity type matcher

Property alignment: aligning the label of properties by lexical similarities, like
n-gram, WordNet.

Entity Type alignment: We organize entity type alignment as a machine
learning-based binary classification task. We use similarity metrics and also lexical
similarities as attributes for training and testing our ML model.

While we don’t execute the above schema alignment process in this class, it is key to
automate the generation of Teleologies.

Some details about how we do schema alignment in the KGE course are provided in the
next slides.
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Schema Alignment in KGE

We have the purpose already specified as an informal ER model.

We formalize the informal ER model as an OWL file.

We align the entity types of the above formal OWL file to their
general entity types in the chosen knowledge teleontology (also in
OWL) for the KGE purpose. This is a formalization of the EER
model for the KGE purpose.
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Schema Alignment in KGE (contd.)

Finally, the teleology is produced as an OWL file by:
first, identifying only the leaf entity types for which we have data
second, dropping all the entity types more general to the leaf entity
types
third, adding all the purpose-specific object and data properties of the
general entity types to the leaf entity types (if applicable)

Revisiting and rechecking language definition: In case any entity
type, object property or data property are left without a unique UKC
identifier, such a definition is achieved here.
Next, we define the notion of a teleology in more detail and provide
illustrations of an example schema alignment.
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Teleology - Definition

A teleology (see: ER 2017) focuses on purpose and on how a chosen representation fits a
certain purpose, this being the basis for a general model for the diversity of knowledge.

A teleology, therefore, makes explicit the purpose which it models via purpose-specific
object and data properties.

A teleology does not encode a hierarchy and is flat as the more general entity types are
dropped.

A teleology should always be compliant to one or more knowledge teleontologies.

Notice also that we have teleologies which are modelled as individual objects whereas
Entity Graph schemas are embedded in entity graphs and don’t exist as independent
objects.
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Schema Alignment Input: ER Model
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Alignment Input: Knowledge Teleontol-
ogy
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Schema Alignment Process: formalize ER
Model
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Schema Alignment Step
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Schema aligned to Knowledge Teleontol-
ogy
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Teleology
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Revisit Language Definition

Finally, each teleology concept: {entity type, object property and
data property}, one at a time, is checked with the language resource
sheet whether its UKC Global Identifier (GID) exist.

There can be two cases:
1 if the UKC GID exists in the language resource sheet, then check

whether it is written in the teleology OWL file. If not, rewrite the GID
as, e.g., conceptname_GID-theactualGID, e.g., doctor_GID-451,
OR,

2 if the UKC GID does not exist in the language resource sheet, then
perform language definition for the concept and do the rewriting in the
OWL file.
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