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My research topic is semantics for the Web of Things.
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Figure: Power plug (in)compatibility across countries
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The combination of compatible systems generally implies new
functionalities.

Compatibility is achieved via standardization.
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Interoperability

Interoperability is an intangible form of compatibility between
systems.
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Interoperability is the ability of two or more systems or components
to exchange information and to use the information that has been
exchanged'.

"|EEE Standard Computer Dictionary: A Compilation of IEEE Standard Computer
Glossaries, IEEE, 1990


https://ieeexplore.ieee.org/document/182763
https://ieeexplore.ieee.org/document/182763
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In theory, interoperability is realized via standard interaction
protocols.
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In theory, interoperability is realized via standard interaction
protocols.

In practice, interoperability is most commonly realized via (Web)
APIs.
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A good example of (lack of) interoperability is the portability of
personal data on the Web.
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Interoperability

A good example of (lack of) interoperability is the portability of
personal data on the Web.

Web users should be able to get access to the data they produce on
one platform and give access to that data to another platform.
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Interoperability

We can either force Facebook to make it more difficult for
[shadowy influence brokers] to access your data without Facebook’s
explicit approval (...) or we can bar Facebook from using technical
and legal countermeasurest to shut out new companies, co-ops, and
projects that offer to let you talk to your Facebook friends without
using Facebook’s tools?.

2Cory Doctorow, “Competitive Compatibility: Let’s Fix the Internet, Not the Tech
Giants,” Communications of the ACM, October 2021


https://cacm.acm.org/magazines/2021/10/255710-competitive-compatibility/fulltext
https://cacm.acm.org/magazines/2021/10/255710-competitive-compatibility/fulltext
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Figure: (Lack of) interop. between text editors and document storage services
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W5 Solid Application interor. x IS
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Solid Application W3C
Interoperability
Editor’s Draft, 24 November 2021

W3C Editor's Draft

¥ More details about this document

The Solid project (Social Linked
Data) aims to provide Web-based
standards to produce and
consume personal data.

This version:
https://solid.github.io/dat ification/

Issue Tracking:
GitHub
Inline In Spec
Editors:
Justin Bingham
Eric Prud’hommeaux
elf Paviik

MIT Licen:

opyright 2019 - 2021 W3C Solid Community Group

Abstract

This specification details how Social Agents and Applications can safely
1, share and interoperate over data in Solid Pods.

-
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The European Telecommunication Standard Institute (ETSI) identified
several levels of interoperability®.

Syntactical Interoperability

Technical Interoperability
Semantic Interoperability

Organisational Interoperability

Figure: Different levels of interoperability (source: ETSI)

3Hans van der Veer and Anthony Wiles, Achieving Technical Interoperability - The
ETSI Approach, ETSI White Paper, April 2008


https://www.etsi.org/images/files/ETSIWhitePapers/IOP%20whitepaper%20Edition%203%20final.pdf
https://www.etsi.org/images/files/ETSIWhitePapers/IOP%20whitepaper%20Edition%203%20final.pdf
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OpenDocument Format (ODF), text editors may still not be able to
interpret the content of these documents.
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Semantic Interoperability

Assuming syntactic interoperability by exchanging documents in the
OpenDocument Format (ODF), text editors may still not be able to
interpret the content of these documents.

In that case, semantic interoperability is still not guaranteed.
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For instance, an address may be the author’s personal address
(administrative form), a professional contact point (academic
publications) or a recipient’s address (letter).
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For instance, an address may be the author’s personal address
(administrative form), a professional contact point (academic
publications) or a recipient’s address (letter).

If documents include humeric data (e.g. spreadsheets), contextual
information is likely to be stored in other, unreferenced documents.
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Semantic Interoperability

For instance, an address may be the author’s personal address
(administrative form), a professional contact point (academic
publications) or a recipient’s address (letter).

If documents include humeric data (e.g. spreadsheets), contextual
information is likely to be stored in other, unreferenced documents.

time,hmdt,lumi,temp,location
1636954288932759918,,,19.9,emse/fayol/e4/S431H
1636954288981725847,54.7, , ,emse/fayol/e4/S431H

Figure: Sensor measurements (CSV) with unresolved ref. to room S431H
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Semantic interoperability is the ability of two or more systems or
components to share a common interpretation of the information
that has bee exchanged.
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If two systems agree on how to interpret data, they must use the
same concepts to describe that data.
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Semantic Interoperability

If two systems agree on how to interpret data, they must use the
same concepts to describe that data.

The two systems have the same ontology.
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Semantic Interoperability

An ontology is a formal description of concepts and relationships
that can exist for a community of human and/or machine agents®.

4Steffen Staab and Rudi Studer, Handbook on Ontologies, Springer, 2010


https://link.springer.com/book/10.1007/978-3-540-92673-3
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Ontologies are typically expressed as logical axioms over a
well-defined vocabulary.

5Aidan Hogan et al., Knowledge Graphs, Morgan & Claypool, 2021


https://kgbook.org/

2

MINES
Saint-Etienne

Semantic Interoperability

Une école de 'IMT

Ontologies are typically expressed as logical axioms over a
well-defined vocabulary.

They allow for ontology-based data access and ontology
alignment, so that data from several sources is integrated into a
single Knowledge Graph®.

5Aidan Hogan et al., Knowledge Graphs, Morgan & Claypool, 2021


https://kgbook.org/
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Figure: Semantic interoperability via ontologies
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Semantic Interoperability

How to “formally describe” concepts and relationships?

The World Wide Web Consortium (W3C) answers the question from
a technical perspective with the Semantic Web technology stack.
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The Resource Description Framework (RDF) provides a common
framework for expressing [information about resources] so it can
be exchanged between applications without loss of meaning.

8Frank Manola, Eric Miller and Brian McBride, RDF 1.1 Primer, W3C, June 2014.


https://www.w3.org/TR/rdf11-primer/
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The Resource Description Framework (RDF) provides a common
framework for expressing [information about resources] so it can
be exchanged between applications without loss of meaning.

Resources can be anything, including documents, people, physical
objects, and abstract concepts®.

8Frank Manola, Eric Miller and Brian McBride, RDF 1.1 Primer, W3C, June 2014.


https://www.w3.org/TR/rdf11-primer/
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RDF triples can state e.g. the type of an online document and how its
parts (such as an address) relate to other resources.


http://schema.org/
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RDF triples can state e.g. the type of an online document and how its
parts (such as an address) relate to other resources.

form : DigitalDocument article : ScholarlyArticle

letter : Message

hasPart

carol : Person

bobsAddress : PostalAddress

alicesAddress : PostalAddress

carolsAddress : PostalAddress

Figure: RDF triples describing various documents with schema.org


http://schema.org/
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RDF triples can also describe datasets (such as a CSV history of
sensor measurements).


https://www.w3.org/TR/vocab-dcat-2/
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RDF triples can also describe datasets (such as a CSV history of
sensor measurements).

history : Dataset

wasGeneratedBy \ spatial

[ measurement | ['s431H : Location |
[ startedatTime = "2021-12-07" |

\wasAssociatedWith

sensor

Figure: RDF triples describing a CSV history with DCAT
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rdf:type

rdf:type rdfs:Class .
rdfs:subClass0f

rdf:type rdfs:Property.
rdfs:domain

rdf:type owl:Class .
owl:unionOf (

rdf:type owl:0bjectProperty .
rdf:type owl:SymmetricProperty .
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The Simple Knowledge Organization System (SKOS) standardizes
how to define taxonomies (i.e. hierarchies of concepts).
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Semantic Interoperability

The Simple Knowledge Organization System (SKOS) standardizes
how to define taxonomies (i.e. hierarchies of concepts).

The RDF Schema (RDFS) standardizes how to define basic
vocabularies (i.e. class names and property names) for Knowledge
Graphs.
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The Simple Knowledge Organization System (SKOS) standardizes
how to define taxonomies (i.e. hierarchies of concepts).

The RDF Schema (RDFS) standardizes how to define basic
vocabularies (i.e. class names and property names) for Knowledge
Graphs.

The Web Ontology Language (OWL) standardizes how to define
expressive ontologies (i.e. axioms) for any kind of logical theory.
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Semantic interoperability is obtained when the resource descriptions
of various data sources are specializations of a common generic
ontology.
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The International Data Space Association (IDSA) has created an
ontology, based on DCAT, to ensure semantic interoperability across

data spaces’.

7Sebastian Bader et al., The International Data Spaces Information Model — An
Ontology for Sovereign Exchange of Digital Content, ISWC, 2020


https://link.springer.com/chapter/10.1007/978-3-030-62466-8_12
https://link.springer.com/chapter/10.1007/978-3-030-62466-8_12
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The International Data Space Association (IDSA) has created an
ontology, based on DCAT, to ensure semantic interoperability across
data spaces’.

ids:Connector [ ascataog | ids:DataResource ds:Datarepresentation
ntps/icom s resou s offers s representl
st v 8iPoducts  [SS0MER o Sireet 2019 MSIEDMESENIA0P vy Sireet 2019 CSV
lids:contractOffer
s maintainer dsinstance
i riifact

hitpidsa org/ s ransferContract dstarget | Wall Street'19 CSV

participants/Busintinc| | AliiBCIRequestitsg Usage Offer as 0f 2020-0522
ids:Participant ids:Message [ ias:contractotier | [ asartitoct |

Figure: IDS core classes and example instances

7Sebastian Bader et al., The International Data Spaces Information Model — An
Ontology for Sovereign Exchange of Digital Content, ISWC, 2020


https://link.springer.com/chapter/10.1007/978-3-030-62466-8_12
https://link.springer.com/chapter/10.1007/978-3-030-62466-8_12

Z

MINES
Saint-Etienne

o

INSPIRING
WHOVATION Summary

s

~

o

Une école de 'IMT

60s



2

MINES
Saint-Etienne

Summary

Une école de 'IMT

Semantic interoperability is essential in data-intensive
applications.
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Semantic interoperability is essential in data-intensive
applications.

Semantic Web standards play an important role in guaranteeing
minimal interoperability.
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Une école de 'IMT

Semantic interoperability is essential in data-intensive
applications.

Semantic Web standards play an important role in guaranteeing
minimal interoperability.

Several degrees of interoperability can be achieved ‘as-you-go’ via
incremental ontology engineering.
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