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Phase 4 - Knowledge Definition

Input: the collected project resources, the formalized user’s purpose and the data
intermediary knowledge catalog.

Output: the KG’s teleontology (or a set for each KGs to be produced).

Objective: the knowledge resources produced in this phase aims at:
unifying the representation of the information;
improving the interoperability and reusability of the final KG(s), by building
knowledge resources reusing as mush as possible well-known standard domain
ontologies and data schema.
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Knowledge Definition - Activities

In this phase, like in the others, the activities are divided over the knowledge and data
layers.

(knowledge layer) KTelos: In this activity the KTelos process is exploited to produce the
final KG(s) interoperable ontology(ies). Such ontology is produced by reuse!

Reusing as much as possible the standard reference domain ontologies provided in
input by the Intermediary Knowledge Catalog 43

Merging the (portion of) reference domain ontologies with the Purpose knowledge
formalized into the ER model.

The output of this activity will be interoperable due to the reuse of standard
already existing knowledge, and purpose specific being based on the formalized
purpose.

How to choose whether to reuse ETypes or keep the Purpose’s ones ?

43The LiveKnowledge catalog is the main knowledge source but not the only one.
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Knowledge Definition - Activities

(data layer) Dataset Alignment: On the data layer this activity
aims at aligning the dataset previously collected, cleaned and
formatted, with the modelling choices operated in the above parallel
knowledge layer activity.

Dataset updates based on the ETypes modelled in KTelos.

The unique ontology produced for the final KG could represent the
ETypes in a different way respect to their representation into each
single datasets.

Data types alignment.
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Knowledge Definition - Producer & Consumer

Producer: at producer side the objective is to model interoperable
(thus by reuse) ontologies, for each KG (thus for each datasets) to
be created.

This means that more ontologies files are produced, one for each
KG to be generated by the Producer.

Consumer: at consumer side the objective is to model a single
unique interoperable (thus by reuse) ontology, for the single
composed final KG.

In this case a single ontology file is produced.
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Phase 4 - Knowledge Definition

1 Preliminaries definitions
ER Models (recap)
EER Model
Ontologies
WC3 Technologies & Tools (recap)

2 iTelos Knowledge Modelling
EER Models Limitations
Teleologies & Teleontologies
KTelos process

3 Dataset Alignment
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What are ER Models?
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ER Model: A Complete Example
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Extended ER (EER) Model
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EER: Superclass/Subclass
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EER: Characteristics
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E(E)R: Relationship Cardinality
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E(E)R: Cardinality Explained
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EER: Example
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Protégé Ontology Editor (Click Here)

Part 4 - The iTelos Methodology Part 4.5 - Phase 4 - Knowledge Definition 289

https://protege.stanford.edu/


Knowledge Graph Engineering Department of information engineering and computer science

Protégé: Interface Illustration
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Teleology - Definition

A teleology (see: ER 2017) is an ontology with the proviso that teleologies focus on
function 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 spatio-temporal context which it models.

This results in explication of the underlying design assumptions of a teleology and thereby
makes it flexible for data and knowledge reuse and integration.

The explicit split between constructing teleologies vs. how it is semantically aligned to
more general etypes (in summary, modelling teleontologies) allows for large scale data
and knowledge reuse.
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Example Illustration
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kTelos Process

The concrete steps for modelling knowledge as teleologies and
teleontologies is via the kTelos process. It is as follows:

1 Top-Down: reuse of a Lightweight Ontology (aligned to the UKC)
2 Bottom-Up: modelling of a Teleology (aligned to the requirements

modelled as CQs)
3 Middle-Out: aligning of a Teleology grounded into the Lightweight

Ontology to generate a Teleontology.
4 Finally, the knowledge annotation of a Teleontology.

Note: All the above knowledge artefacts can reuse concepts from
existing knowledge resources.
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Reuse General Example: FOAF
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Top Down: Lightweight Ontology

A lightweight ontology is an ontology which is modelled, top-down,
as “consisting of backbone taxonomies only” (see: Paper).
It is modelled in alignment with the hierarchy of the UKC.
The hierarchy of concepts in lightweight ontologies is modelled via
the subset of relation. The child node is a subset of the parent
superset.
The chief objective of a lightweight ontology is to heirarchically
classify the datasets which would be finally integrated in the Entity
Graph (EG).
A lightweight ontology file (in OWL RDF/XML format) on
OpenStreetMaps (OSM) is provided to you for reuse.
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Lightweight Ontology Example
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Bottom-Up: Teleology Modelling

A teleology is modelled, bottom up, starting with a tabulated list of
Competency Questions (CQs) which encode the etypes and
properties relevant to be modelled.
Out of the CQs, the etypes and properties are modelled into an
E(E)R diagram.
Next, the E(E)R diagram is formalized as a formal schema (e.g., in
OWL RDF/XML). This might have certain application-specific
attributes.
Finally, the teleology is produced (e.g., in OWL RDF/XML). It might
be the same as the formal schema above, or without
application-specific attributes, decided on a case-to-case basis.
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Example: CQs
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Example: ER Model
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Example: Teleology
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Middle-Out: Teleontology Modelling

In this step, the teleology is semantically aligned to the Lightweight
Ontology to form a Teleontology.
Semantic Alignment: each concept in the teleology (e.g., Professor)
is added as a child (via IS-A) to their related general concept (e.g.,
Person) in the lightweight ontology.
The above process is done, one at a time, for all the concepts in the
teleology.
Finally, the teleontology is produced, e.g., in OWL RDF/XML).
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Example: Teleontology
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Example: Teleontology in OWL RDF/XML
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Knowledge Annotation

Finally, each teleontology concept: {entity type, object property and
data property}, one at a time, is checked with the Language
Annotation spreadsheet to identify its GID.

Once the GID is identified, the concept in Protégé should be updated
with the GID and re-written.

There can be two syntactical cases of the re-writing:
1 if concept exists in Language Annotation spreadsheet, then the

re-writing syntax would be, e.g., transport_GID-10053, OR,

2 if you add a new concept in the teleontology from another reference
standard/ontology (e.g., from FHIR), the syntax would be, e.g.,
fhir_hospital.
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Knowledge Annotation Example
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Datasets Alignment Activity

(data layer) Dataset Alignment: On the data layer this activity
aims at aligning the dataset previously collected, cleaned and
formatted, with the modelling choices operated in the above parallel
knowledge layer activity.

Dataset updates based on the ETypes modelled in KTelos.

The unique ontology produced for the final KG could represent the
ETypes in a different way respect to their representation into each
single datasets.

Data types alignment.
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Phase 4 - Knowledge Definition - Summary

What has been done in this phase.

The heterogeneity at knowledge level has been handled.

By modelling a unique representation of the information in the final
KG(s), through a (a set of) Teleology(ies).

The output Teleology(ies) are interoperable and reusable for other
purposes (uploaded in the knowledge catalog), thus actually
reducing the effort in knowledge modelling for further projects.

The dataset, containing the Entities modelled in the Teleology(ies)
through their ETypes, have been aligned with such ETypes, with the
objective of facilitating the mapping between data and
knowledge layer (iTelos Data Definition Phase).
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