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Motivation and Background
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Motivation - Background
Large amounts of data available in different representations

Siemens automation in volkswagen factory -  Julia.Roesler (commons.wikimedia.org)

The Innovation Factory on RWTH Aachen Campus (rwth-if.com)

Manufacturing equipment -  Mixabest (commons.wikimedia.org)

Figure: Data generated by the Manufacturing and Production Processes
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Motivation - Background
Internet of Production (IoP) cross-domain collaboration to enable a new way of data
understanding by integrating semantics in real-time data related to the production
system, including processes and user data [21].
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Motivation - Background
A semantic model is needed to describe all knowledge related to the production
system, work-pieces, processes, and the environment.
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Motivation - Background

Interdisciplinary task → Collaboration between Domain Experts (DEs) and
Knowledge Experts (KEs) is necessary to create suitable semantic models
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Motivation - Problems?
Task force of semantics in IoP detected some issues:
▶ Knowledge dependency from both sides
▶ Many guidelines but they are not intuitive or user-friendly
▶ There are not dedicated ontology libraries in our domain of interest
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Research Questions

▶ When do we need to develop an ontology?

▶ What are the best practices to adopt in the ontology development process?

▶ How do we design more simple yet complete guidelines to allow domain and
knowledge experts efficiently collaborate in the this process?
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State of the Art
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Ontology Development - Identified Problems

Ontologies are not yet widely adopted in the industrial domain [9, 19, 31]:
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Ontology Development - Common Steps

“Ontology Development 101: A Guide to Creating Your First Ontology" proposed by
Noy and McGuinness in [14].
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Methodologies for Ontology Development - Classification
There exist several classifications of these methodologies [1, 2, 9, 11, 17, 23]
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Methodologies for Ontology Development - Selection

What is the "best" methodology for Ontology Development?

▶ Simple Knowledge-Engineering Methodology: (2003), clear steps facilitating the
ontology development process [7]

▶ Methontology: (2015), it misses the design phase [10]

▶ NeOn Methodology: (2021), it focuses on best practices [30, 22]
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Methodologies for Ontology Development - Selection
There is still no unified or unique answer
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Methodology
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Research Design and Methods

Figure: Methodology used in this work
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Data Collection
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Data Collection - Methodologies for Ontology Development
Steps 1 and 2: Literature Review and Methodologies Classification

35 methodologies and 10 general guidelines and principles to consider in the process
Step 3: Filtering and Selection of Methodologies
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Data Collection - Ontology Development Tools

Step 1 and 2: Literature Review and Tools Classification
8 different groups of tools (Editors, Visualization, Documentation, Validation,

Querying, Toolkits, Miscellaneous, More Technical) and 123 elements
Step 3: Filtering and Selection of Tools
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Data Collection - Existing Ontologies
Step 1 and 2: Literature Review and Ontologies Classification

19 upper ontologies, 42 domain ontologies
16 supporting ontologies, 17 services to search for existing ontologies
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Ontology Modelling Languages - OWL vs SHACL
We present a comparison of both languages, based on
[5, 6, 12, 16, 18, 20, 24, 25, 26, 27, 28, 29, 30, 32].
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Ontology Modelling Languages - OWL vs SHACL

Refererences: [4], [13], [15] [12]
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Requirements Elicitation - Analysis of Responses in the Surveys
Stakeholders from the Task Force Semantics IoP → 24 requirements
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Realization
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Best Practices for Creating Guidelines
A generic guideline development process consists of applying the ADDIE model [8]

Figure: Phases of ADDIE model and our suggestion of continuous improvement based on
feedback
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Guideline for Rapid and Standardized Ontology Development

Figure: Structure of the guideline
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Comparative Study of Methodologies - Possible Values for each Criterion

Figure: Some of the criteria identified as more important and the possible values they get
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Comparative Study of Methodologies - Final Scores

Figure: Final scores for each methodology
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Our Suggested Workflow for Ontology Development
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Unified Best Practices for Ontology Development
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Comparative Study of Tools - Final Scores

Figure: Final scores each tool per group receives
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Comparative Study - Suggested Toolbox
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Our Suggested Templates for Ontology Development

▶ We adapted existing templates to suit the needs of Domain Experts

▶ We designed templates to help define:
▶ Competency Questions
▶ Class, Property, and Individuals Definition

▶ They are based on templates used in automation tools (OntoRat and Robot) and
the free available dataset of a benchmark of competency questions
(CQ2SPARQLOWL)
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Resulting Guideline Booklet

▶ GitHub repository - LaTeX code: https:
//github.com/lcomet/UnifiedGuidelinesOntologyDevelopmentForIoP

▶ Guideline Booklet - pdf file: https:
//github.com/lcomet/UnifiedGuidelinesOntologyDevelopmentForIoP/
blob/main/Guideline_OntologiesDevelopment_IOP-V3.pdf

▶ Templates available online: https://drive.google.com/drive/u/0/
folders/1xwtJYaNQIGd1TWdWayciCiH5wcpnSDxw

https://github.com/lcomet/UnifiedGuidelinesOntologyDevelopmentForIoP
https://github.com/lcomet/UnifiedGuidelinesOntologyDevelopmentForIoP
https://github.com/lcomet/UnifiedGuidelinesOntologyDevelopmentForIoP/blob/main/Guideline_OntologiesDevelopment_IOP-V3.pdf
https://github.com/lcomet/UnifiedGuidelinesOntologyDevelopmentForIoP/blob/main/Guideline_OntologiesDevelopment_IOP-V3.pdf
https://github.com/lcomet/UnifiedGuidelinesOntologyDevelopmentForIoP/blob/main/Guideline_OntologiesDevelopment_IOP-V3.pdf
https://drive.google.com/drive/u/0/folders/1xwtJYaNQIGd1TWdWayciCiH5wcpnSDxw
https://drive.google.com/drive/u/0/folders/1xwtJYaNQIGd1TWdWayciCiH5wcpnSDxw


Motivation State of the Art Methodology Data Collection Realization Evaluation Contributions Future Work Q&A Bibliography Appendix

Evaluation
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Evaluation by Testbed
Use Case: “Optimisation of the Injection Phase"
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Evaluation by Testbed - Resulting Ontology

Figure: Overview of the initial version of the ontology for the use case “optimisation of the
injection phase"
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Evaluation by Testbed - OOPS! Tool - Critical Pitfall
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Evaluation by Testbed - Workflow for Ontology Testing

Figure: Steps to perform during the ontology testing considering Competency Questions, based
on [3]
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Evaluations - Summative Assessment
Good feedback indicating that our guideline contains:
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Evaluations - Discussion

▶ Our guideline helps domain experts with no experience in semantic modelling to
build ontologies from scratch

▶ It is a successful approach toward having a more fluent collaboration to create
adequate semantic models in the IoP

▶ The guideline booklet can be improved
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Contributions
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Research Results

▶ Guideline booklet:

▶ A unique guideline booklet covering the entire ontology development process
▶ Helps identify when and how to use ontologies
▶ Offers support to create more reusable and interoperable ontologies

▶ Studies:

▶ Extensive study of methodologies for ontology development
▶ Classification and Evaluation of methodologies, tools and ontologies
▶ Study of alternatives to OWL for modelling knowledge
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Improvements and Future Work
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Future Work

▶ Guideline booklet:

▶ Include more examples related to manufacturing use cases
▶ Make guideline interactive and use engagement mechanisms
▶ Based on project settings, automatically generate customisable workflows

▶ Tool Support:

▶ Develop tools bridging the gap between domain experts and ontology development
▶ Promising candidates: Chowlk, Neologism 2.0, and WebOWL Editor

▶ Develop tools supporting SHACL as a modelling language
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Future Work

▶ Studies:

▶ Extend our initial work and build a curated collection of tools
▶ A more systematic study, review and comparison of different domain ontologies
▶ A more comprehensive study comparing OWL and SHACL for knowledge modelling

▶ Non-technical:

▶ Create a central place for stakeholders to communicate more efficiently
▶ Concentrate the knowledge on where, how to use, and how to integrate the

ontologies in the IoP
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Q&A
“I don’t pretend we have all the
answers. But the questions are
certainly worth thinking about."

— Arthur C. Clarke
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Comparative Study - Criteria Based on Literature
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Comparative Study - Criteria Based on Responses
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Comparative Study - Evaluation of Methodologies
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Comparative Study - Evaluation of Tools
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