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“All models are wrong,
but some are useful”

-George Box
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OpenStreetMap - Transport map OpenStreetMap - Cycle map
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Building useful 
cross-border 
models

F o r m a l  a g r e e m e n t E m e r g e n t  i n t e r o p e r a b i l i t y

C o h e s i o n

A u t o n o m y



8

Speakers Line Up
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European collaboration on semantic interoperability

Towards European collaboration through sharing a vision and a practical 
example within the MareGraph project



European collaboration 
on semantic 
interoperability

Towards European collaboration 
through sharing a vision and a 
practical example within the 
MareGraph project



Objective of 
the sessions
Through sharing ideas and examples of European collaboration on 

interoperability, the objective of the following two presentations is 

to think about and collectively explore the path towards European 

collaboration on interoperability, with your active participation.



1. Vision for European collaboration

Agenda

2. MareGraph

● Raf Buyle - Digitaal Vlaanderen

● Raf Buyle - Digitaal Vlaanderen
● Giorgia Lodi - Institute of Cognitive 

Sciences and Technologies of the 
Italian National Research Council

Q&A



Vision for European 
Collaboration

1) Inspiration
2) Adoption
3) Contribution



Vision for European Collaboration

1. Inspiration: EU wide semantic registry



Vision for European Collaboration

2. Adoption: workbench to extend existing voc’s



Vision for European Collaboration

3. Contribution: add your assets to the EU registry



Share and 
reuse³:

“implies a shared process (governance) 
and method (collaboration environment)”



Vision for European Collaboration

Share and reuse³:



MareGraph 1/2
A practical example of a 
collaboration between Belgium 
and Italy



1 An introduction to 
OSLO
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OSLO
=

Open Standards for Linked Organisations



Bottom-up – since 2012

Use Cases

Existing Standards

Semantic

Standard

e.g. INSPIRE

Feedback Sessions



Semantische interoperabiliteit

Technische interoperabiliteit

Tools

Support & Governance

Use cases

Semantic interoperability

Technical interoperability

Tools

Support & Governance

Use cases

OSLO



Scalable process for connecting, developing, adapting, and phasing out data standards based on 

international best practices from organizations such as ISA, W3C, and OpenStand.

Process and method



Process and method



Impact: ratified OSLO standards

OSLO standards in development

Ratified OSLO standards



Impact: all local governments publish their 
legislation as Linked Open Data

Number of agenda items published according to Linked Data 

from 2020 to 2023 (x1000)



MareGraph 2/2
A practical example of a 
collaboration between Belgium 
and Italy



Increase interoperability and openness of three 

High Value Datasets (HVDs) by creating a reference 

Marine Knowledge Graph

SPECIFIC GOALS

Semantic interoperability

Definition of a common semantics for the HVDs 

(ontologies and controlled vocabularies)

Technical interoperability

Better accessibility to data through different APIs (LDES, 

SPARQL)

Organisational interoperability

Identification of an EU-wide common process for 

creating and publishing semantic assets and datasets

The MAREGRAPH project

https://ec.europa.eu/info/funding-tenders/opportunities/portal/screen/opportunities/projects-details/43152860/101100771/DIGITAL


Increase interoperability and openness of three 

High Value Datasets (HVDs) by creating a reference 
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Technical interoperability

Better accessibility to data through different APIs (LDES, 

SPARQL)
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Organisational interoperability: objectives 

Identify a common process that could scale at the EU level for the 

creation and publication of semantic assets and linked open 

datasets

How to use the process to boost the feed of data spaces at 

Member States (the case of data spaces in Belgium)

Propose general guidelines that could be used by other Member 

States on the process and methodology for creating and publishing 

semantic assets and linked open datasets



Organisational interoperability: in practice

SCENARIO

● The Flanders Region in Belgium has a well-defined formal 

methodology through the OSLO framework by Digitaal

Vlaanderen

● Italy, through CNR, already uses a well-defined scientific 

methodology named Agile eXtreme Design with Content 

Ontology Design Patterns

APPROACH

● The two countries worked together to identify common 

elements and unifying factors of the two methodologies



The process for semantic assets creation/publication

Definition and publication of a charter 

Identification of use cases and

competency questions (CQs)

Identification of existing standards and

Ontology Design Patterns

Graphical representation of ontologies, 

identification of controlled vocabularies, feedback

Production of source code of ontologies and 

controlled vocabularies with metadata

Publication in technical repositories Public review



The process for linked open datasets creation/publication 

SHACL Shapes definition from ontologies 

(leveraging OWL restrictions) 

Automated processes for data instantiation 

according to ontologies and controlled vocabs

DCAT-AP national extensions 

metadata definition 

LDES definition and publication, 

data publication in SPARQL endpoints

Enable harvesting in national catalogues 

for datasets and semantic assets

Schema.gov.it

data.europa.eu.



Lessons learnt: three dimensions

GOVERNANCE TECHNICAL USER

ASPECTS

ENGAGEMENT



GOVERNANCE

• Belgium has a stronger governance like 
standardisation bodies

• In Italy, Belgium’s governance structure 
would not work 

o Public Administrations are free to 
propose semantic assets they create and 
have full control on them according to 
their users and own needs

• The charter is most often disregarded in 
the initial identified plans 

CONSIDERATION

Set up a governance and balance it 
with single organisations’ needs



TECHNICAL ASPECTS (1)

• Use tools for drawing, creating, publishing and 
navigating semantic assets and datasets

o engage with stakeholders (including end-users)

o automate as much as possible all the creation and 
publication processes

• Use of foundational ontologies for 

o understanding what we are actually modelling 

o linking models among each other (6 stars)

• Use of ontology design patterns (ODPs) rather 
than looking for similar terms in other standards

CONSIDERATION

Constraining the process to the use of specific 
identified tools, often not open, does not 
work properly at large scale



TECHNICAL ASPECTS (2)

• Have a well-defined URI policy that clearly 

describes the resource to be identified

• Provide access to produced resources in 

different ways to serve a plethora of possible 

users (not only “semantics people”)

• Validation counts

• Rich metadata of semantic assets and datasets 

is important for findability requirement

• Publish semantic assets and open datasets in 

well-known (national) catalogues

CONSIDERATION

Important role of catalogues to 
maximise reuse and sharing



USER ENGAGEMENT 

• Engage with end-users since the 

initial phases of the processes

• Public reviews could be set up

o In Italy it lasts 1 month (by law for 

technical guidelines)

o In Belgium it lasts 3 months 

CONSIDERATIONS

Engaging with users is huge effort, not 
always successful

Public reviews of a month, possibly 
extendable, could be sufficient



Do you have any current practices related to semantic interoperability and 

semantic assets creation and publication? If so:

● Do you have a local formal governance structure? If so, could you please briefly 

describe it?

● Could you briefly explain the main steps of the process you follow for the definition 

of semantic assets in your country, if any?

● Do you use specific tools in the process? If so, could you please list them?

● Do you reuse existing assets, also from other countries?

● Where do you publish the semantic assets you have produced? Do you have 

national catalogues? Do you use international catalogues (e.g., LOV, Bioportal, 

others)?

Understanding your situation as-is



How do you look at European wide collaboration?

● What are your initial thoughts on the vision we've presented?

● What are the biggest pitfalls to be addressed when moving towards European 

collaboration for semantic assets creation and sharing?

● Do you have any suggestion regarding a European collaboration process for semantic 

assets creation and sharing?

● What are your ideas regarding a European repository of semantic assets? What shall it 

include?

Your view on European Collaboration





Give your feedback

Bit.ly/semic2024

http://bit.ly/semic2024​
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Cross-border/domain Data 
Spaces: Opportunities 

Ahead
Cross-border/domain Data 

Spaces: Opportunities 
Ahead



Cross-border/domain Data 
Spaces: Opportunities 

Ahead

Prof. Edward Curry

University of Galway 

Insight SFI research Centre for Data Analytics



Edward Curry

I have been researching the 

underlying technology for data 

spaces for the last decade…



Data Space Research at Insight
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• Real-time Linked Data Spaces

• Pay as You Go Data Mgmt.

• Data space support services: 

Catalog, Entity Mgmt, Knowledge 

Graphs, querying, Discovery, 

Human in Loop, Question 

Answering, Event Pocessing

• Design Principles and Best 

Practices 

• Interoperability 

• Semantics

• Standards

• Foundation Data Space Models

• Multimodal Knowledge graphs 

for Data Spaces

• AI and Data Lifecycles

• Data and Model Cards



Cross-border Data Spaces need a 
data co-existence approach
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Long Tail Semantics continues to grow… 
and the cost of mapping increases….

http://dataspaces.info

Low

High

High

Frequency 
of use

Cost of semantic integration 
using traditional approaches

Po
p

u
la

ri
ty

 /
 U

se

Number of data sources, entities, attributes

The Long Tail of Data

Traditional Approaches



From Structure to Knowledge Graph to Search

~1995
~100K Websites
Exact Results
Human Curated

~1998
~2.4M Websites
Approximate Results
Computed

~2012
~700M
Approximate Results + Exact
Computed + Crowd

A new paradigm for human-data 
Interaction…..

50

to Conversations ?

~2023
~2B
Approximate Results ?
Content creation?



Control and Coordination

Administrative Proximity
• Close vs. Loose Coordination
• Assumptions concerning 

guarantees such as data, 
access, quality, and 
consistency, 

Semantic Integration
• Degree to which data schemas 

are matched up (types, 
attributes, and names).  

http://dataspaces.info51

Halevy, A., Franklin, M. and Maier, D. 2006. Principles of dataspace 
systems. 25th ACM SIGMOD-SIGACT-SIGART symposium on Principles of 
database systems - PODS ’06 (New York, New York, USA, 2006), 1–9.

• Data Spaces?

• Data Spaces?

• Data Spaces?



“We can no longer pretend to live in 
a clean world. SQL and its Data 
Definition Language (DDL) assume 
a crisp and clear definition of the 
data, but that is a subset of the 
business examples we see in the 
world around us. It’s OK if we have 
lossy answers—that’s frequently 
what business needs.”



What is a Dataspace? (2006)

“Dataspaces are not a data integration approach; rather, they are more of a 
data co-existence approach. The goal of dataspace support is to provide 
base functionality over all data sources, regardless of how integrated they 
are.” (Halevy, A., Franklin, M. and Maier, D. 2006.)

Incrementalism, Approximate, Interactive



Approximate and Best Effort Approaches

http://dataspaces.info

Low

High

High

Frequency 
of use Approximate &

best-effort 
approaches

Cost of administration & 
semantic integration using 
traditional approaches

Po
p

u
la

ri
ty

 /
 U

se

Number of data sources, entities, attributes

The Long Tail of Data

Traditional Approaches

Best Effort Approaches



Cross Border Data Spaces will need a 
marriage of neuro-symbolic approaches
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Data Space Enablers 

Reusing Human Attention

Data Space Support Platform (Halevy et al.)

• Must deal with many different 
formats of data.

• Does not subsume existing systems; 
they still provide individual access via 
their native interfaces.

• Queries in are provided on a best-
effort and approximate basis.

• Must provide pathways to improve 
the integration among the data 
sources, including streams and 
events, in a pay-as-you-go fashion.

Data Space Support Services

• Catalog and Browse
• Search and Query
• Local Store and Index
• Discovery
• Enhancement
• Administration

• Learn from users’ activities

• Create meaningful relationships 
between data sources

• Enhance data sources



Data-and knowledge-driven AI Systems…
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• Combing rules-based AI 
approaches (Knowledge 
Graphs) with statistical 
learning techniques 
(deep learning)

57

Neuro-Symbolic AI

Knowledge Graphs
(Expert Knowledge + Reasoning)

Neural Networks
(Statistical Learning + Reasoning)

+

Wang, Wenguan, and Yi Yang. "Towards data-and knowledge-driven artificial intelligence: A 

survey on neuro-symbolic computing." arXiv preprint arXiv:2210.15889 (2022)



Data Space

Data Space Tasks

Foundation Data 
Space Model Embeddings

Semantic 
Approximation

Adaptation

Enable Data Space
(Users & operations)

Result 
Summarisation 

Event & 
Stream 

Processing

Multimodal 
Queries 

Instruction 
Following

Support Services
(Downstream Tasks)

Entity 
Linking

Information 
Extraction

Question
Answering

Sentiment 
Analysis

Data 
Cleaning

Vocab 
Hub

Catalog

Relation 
Extraction

Catalog

Search & Query 

Local Store 
and Index 

Discovery 
Image 

Captioning

Speech/Audio

Tables & Text

Graphs

Images

Structured 
Data

Video

Symbolic Logic

Sensors & Time 
Series

Simulation

Applications

Training

Trained on extensive datasets 
in the data space to establish 
a knowledge foundation

Leverage transfer 
learning and scale in 
various downstream 
tasks

Foundation data space models

E. Curry, M. Timilsina, T. Zaarour, M. Al-QATF, R. Haque, “Foundational Data Space Models: Bridging the AI 

and Data Ecosystems (Vision Paper), Proceedings of the 2023 IEEE International Conference on Big Data (Big Data), 

Sorrento, Italy, 2023



Neuro-symbolic approaches can support 
tasks across the life cycle of the data space…
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Generative AI and Foundation models 
will be the Killer App for Data Spaces….
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A Unified Lifecycle is needed between 
AI and Data

61



Symbiotic Relationship between Data 
Spaces and AI….

Data Space
Foundation / 

Generative AI

Provides training data

(Data Space 4 GenAI)

Provides models to enable

(GenAI 4 Data Space)

Extract Value from Data

Faster innovation cycles

Synthetic Data

High Quality Data

Community of Data Users/Owners

Data Goverance/compliance



We need Unified Data and AI Lifecycles

E. Curry, M. Timilsina, T. Zaarour, M. Al-QATF, R. Haque, “Foundational Data Space Models: Bridging the AI 

and Data Ecosystems (Vision Paper), Proceedings of the 2023 IEEE International Conference on Big Data (Big Data), 

Sorrento, Italy, 2023

A unified lifecycle for data and AI 

models recognizes the symbiotic 

relationship between both 

ecosystems and can serve as 

the basis to simplify the 

development, operation, and use 

of data-intensive AI systems. 



Need for End-to-End Data and Model 
Management

• Broad standardization on 

Metadata is needed on data 

and model

• Interoperability at source

• Need to build on existing 

standards (i.e DCAT)

Donald, A., Galanopoulos, A., Curry, E., Muñoz, E., Ullah, I., Waskow, M.A., Dabrowski, M. and Kalra, M., 2023, April. Towards 

a semantic approach for linked dataspace, model and data cards. In Companion Proceedings of the ACM Web Conference 

2023 (pp. 1468-1473).



Final Thought

65



Data is the Red Queen

“It takes all the running you can do, to keep in the same place. If you want 
to get somewhere else, you must run at least twice as fast as that!”

Lewis Carroll's Through the Looking-Glass



Summary

• Cross-border Data Spaces need a data co-existence 
approach

• Cross Border Data Spaces will need a marriage of neuro-
symbolic approaches

• A Unified Lifecycle is needed between AI and Data
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Dataspace Interoperability
Insights from the Data Spaces 
Support Centre



SEMIC Pre-Conference Workshop on “Cross-border Semantic Interoperability: From 

Models Discovery and Design to Implementation and Reuse“, Brussels, June 2024

Johannes Theissen-Lipp

Dataspace Interoperability
Insights from the Data Spaces Support Centre



SEMIC Pre-Conference Workshops  |  Brussels, Belgium |  June 2024  | Johannes Theissen-Lipp
Dataspace Interoperability: Insights from the Data Spaces Support Centre

Sci-fi Adventure: 

Page 70

Data scope = Galaxy

Participants = Planets

Big Tech = Trade Federation

Dataspaces = Trusty trade routes

SW experts = Jedis wielding lightsabers

LD/FAIR/KG/SEMIC = The Force?
Image generated by https://deepai.org/machine-
learning-model/fantasy-world-generator with 
prompt “A galaxy of data with starships connecting 
planets.”

Dataspace Wars - Return of the Semantics

Image generated by https://deepai.org/machine-
learning-model/logo-generator with prompt 
“Dataspace Wars - Return of the Semantics”

https://deepai.org/machine-learning-model/fantasy-world-generator
https://deepai.org/machine-learning-model/fantasy-world-generator
https://deepai.org/machine-learning-model/logo-generator
https://deepai.org/machine-learning-model/logo-generator
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Why Dataspaces?

Page 71

Internet

The Web

More Data

Control 
Data?!

Dataspaces

https://twitter.com/vonderleyen/status/1230098004281085952, February 2020

https://twitter.com/vonderleyen/status/1230098004281085952
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Dataspace Interoperability

Page 72

“The ability of participants to seamlessly exchange and use data

within a dataspace or between two or more dataspaces.” DSSC Blueprint v1.0

European Interoperability Framework https://ec.europa.eu/isa2/sites/isa/files/eif_brochure_final.pdf

https://ec.europa.eu/isa2/sites/isa/files/eif_brochure_final.pdf
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Goal of this Talk

Page 73

Dataspaces are important

Need for interoperability

The role of dataspaces?

Solutions for dataspace interoperability?
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Data Spaces Support Centre

The Role of Dataspaces

Page 74

Blueprints / Building Blocks

Matthijs Punter, TNO
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Blueprint → Building Blocks

Business & 
Organisational 

Technical

✓ Required capabilities

✓ Core design decisions 

✓ Specifications & 
common standards

✓ Further reading

Page 75

Matthijs Punter, TNO

https://dssc.eu/page/knowledge-base

https://dssc.eu/page/knowledge-base
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What’s new?

✓ Visual overview of business 
model ingredients

✓ Guidelines & templates to take 
business decisions 

✓ Organisational form and 
governance authority  

✓ Participation management

✓ Decision tree to organise and 
establish a data space 

✓ Guidelines on/offboarding of 
participants 

✓ Regulatory compliance 
checklist for data spaces

✓ Contractual framework for 
agreements: 

Among participants 

On data transactions 

1.0

Page 76

Matthijs Punter, TNO
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What’s new?

✓ Vocabulary Hub for common data 
models

✓ Approaches for provenance & 
traceability

✓ Attestation & Identity Management
based on W3C Verifiable 
Credentials (SSI)

✓ Role of Trust Frameworks

✓ Access and usage policies based on 
W3C ODRL

✓ Usage of DCAT for specifying data 
products & services

✓ Role of Value Added Services in a 
data space (not only 
marketplaces!)

1.0

Page 77

Matthijs Punter, TNO
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Building Block → Implementation
Functional overview of software components

Participant Agent
(Dataspace Connector) Shared Services

✓ Control plane vs. Data plane

✓ Participant Wallet
✓ Data, Services & Offerings Catalogue
✓ Contract Negotiation
✓ Transfer Process 

✓ Data Space Wallet (participants registry)
✓ Catalogue
✓ Vocabulary Hub
✓ Notarization Service

✓ Value Added Services

Matthijs Punter, TNO

Page 78
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IDS / Gaia-X: Sovereign Data Exchange Control Plane

Data Plane

Sebastian Steinbuss, IDSA

Page 79

Example: Eclipse Dataspace Components + “Trust Framework” extension for Gaia-X participants

Formal standardization (ISO/IEC) in progress: https://projects.eclipse.org/proposals/eclipse-dataspace-protocol

https://projects.eclipse.org/proposals/eclipse-dataspace-protocol
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Gaia-X Credentials (Self Descriptions)

Page 80

Data / Service 

Provider

Consumer

Self Description

Documentation + Ontology + Validation + Examples + Tool Support

+ Trust:

1. Claim something about myself.

2. Have it confirmed by third parties.

3. Present it to business partners.
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IDS Information Model

Foundation for semantic interoperability

Page 81

IDS IM
(common core)

Domain vocabularies
(extension)

Application

Domain application (combine 2 ways)
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Building Block → Implementation
Functional overview of software components

Participant Agent
(Dataspace Connector) Shared Services

✓ Control plane vs. Data plane

✓ Participant Wallet
✓ Data, Services & Offerings Catalogue
✓ Contract Negotiation
✓ Transfer Process 

✓ Data Space Wallet (participants registry)
✓ Catalogue
✓ Vocabulary Hub
✓ Notarization Service

✓ Value Added Services

Matthijs Punter, TNO

Page 82
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Vocabulary Hubs

Page 83

“IDS Vocabulary Hubs give the developer of domain-specific vocabularies the tools and functions to 
create, improve, and publish their terms.” – IDS-RAM 4.0

Also included in the Eclipse XFSC Federated Catalogue
• https://gitlab.eclipse.org/eclipse/xfsc/cat/fc-service/-/wikis/home
• https://www.gxfs.eu/set-of-services/

https://gitlab.eclipse.org/eclipse/xfsc/cat/fc-service/-/wikis/home
https://www.gxfs.eu/set-of-services/
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Conclusion

Dataspaces

• Important for the EU’s data sovereignty

• Reference models, growing members & impact

Data Spaces Support Centre

• Dataspace interoperability: Blueprints & building blocks

• Implementations: Agent / connector software & shared services

• Based on semantic models

Opinion on dataspace interoperability

• Mutual understanding and common languages: Vocabulary hubs and semantic models

• Impact and interoperability: Tool support based on Web standards

SOLID

DCAT-AP 3.0

Page 84



Contact
—

Johannes Theissen-Lipp, M. Sc. 

Data Science and AI – Data Management

johannes.theissen-lipp@fit.fraunhofer.de

https://www.fit.fraunhofer.de/dm-en

Fraunhofer FIT

Schloss Birlinghoven 1

53757 Sankt Augustin

Germany

www.fit.fraunhofer.de

RWTH Aachen University

Information Systems & Databases

Ahornstr. 55, Building E2

52074 Aachen

Germany

https://dbis.rwth-aachen.de

mailto:johannes.theissen-lipp@fit.fraunhofer.de
https://www.fit.fraunhofer.de/dm-en
http://www.fit.fraunhofer.de/
https://dbis.rwth-aachen.de/
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Introducing Myself

Seite 87

11/2017: M.Sc. on Ontology Evolution

01/2018: (Semantic) Data Integration

12/2019: Semantic Models & Dataspaces
04/2022: “Data Science & AI”

04/2021: Semantic Web & FAIR Data

+

May 2024: “Semantic Foundations of Dataspaces”
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The Role of Dataspaces

International Data Spaces (IDS)

• Launched in 2014, renamed in 2018

• Architecture for sovereign data exchange

• Semantics + FAIR principles

• IDS Information Model as RDFS/OWL ontology

• IDS Reference Architecture Model

• Broad adoption

Page 88
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The Role of Dataspaces

Gaia-X

• Uses the IDS RAM as building block

• Align with the EU data strategy and European values

• “Federated […] data infrastructure, […] with users retaining control over their data”

• Machine-readable credentials (Self Descriptions)

• Federation services (https://www.gxfs.eu and https://gitlab.eclipse.org/eclipse/xfsc/)

• Adoption in eight ten 16 lighthouse projects

Page 89

https://www.gxfs.eu/
https://gitlab.eclipse.org/eclipse/xfsc/
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Gaia-X Dos and Don’ts

Page 90

Gaia-X is

• A single point of definition of Gaia-X architecture & rules

• Making available an open implementation to all

• A qualification authority for Gaia-X compliance

Gaia-X Is Not

• A formal standardization body

• A SW or HW product or cloud platform

• A runtime implementation of any Gaia-X service

“Gaia-X” vs.

Gaia-X 

Association

Specify specs, develop code, notarize participants
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XFSC and Gaia-X: FIT is Doing LinkML
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Gaia-X Credentials are validated against SHACL shapes, but the schemas are defined in the relatively human-friendly, 

text-based LinkML language. @prefix sh: <http://www.w3.org/ns/shacl#> .
@prefix rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#> .
@prefix rdfs: <http://www.w3.org/2000/01/rdf-schema#> .
@prefix xsd: <http://www.w3.org/2001/XMLSchema#> .
@prefix gx: <https://www.gxfs.eu/glossary/ontology> .

gx:DatacenterAllocationShape a sh:NodeShape ;
sh:closed false ;
sh:description "Details specific situation within the datacenter where the service can be accessed." ;
sh:ignoredProperties ( rdf:type ) ;
sh:name "datacenter allocation" ;
sh:property [ sh:datatype xsd:string ;

sh:description "The Id of the datacenter rack number where the service can be accessed." ;
sh:maxCount 1 ;
sh:name "datacenter rack number" ;
sh:nodeKind sh:Literal ;
sh:order 2 ;
sh:path gx:rackNumber ],

[ sh:datatype xsd:integer ;
sh:description "The port number on the patch panel where the service can be accessed." ;
sh:maxCount 1 ;
sh:name "datacenter port number" ;
sh:nodeKind sh:Literal ;
sh:order 4 ;
sh:path gx:portNumber ],

[ sh:class gx:Datacenter ;
sh:description "Datacenter where the service can be accessed." ;
sh:maxCount 1 ;
sh:minCount 1 ;
sh:name "refers to" ;
sh:nodeKind sh:BlankNodeOrIRI ;
sh:order 0 ;
sh:path gx:refersTo ],

[ sh:datatype xsd:string ;
sh:description "The Id of the datacenter patch panel where the service can be accessed." ;
sh:maxCount 1 ;
sh:name "datacenter patch panel" ;
sh:nodeKind sh:Literal ;
sh:order 3 ;
sh:path gx:patchPanel ],

[ sh:datatype xsd:string ;
sh:description "The floor number of the datacenter where the service can be accessed." ;
sh:maxCount 1 ;
sh:name "datacenter floor" ;
sh:nodeKind sh:Literal ;
sh:order 1 ;
sh:path gx:floor ] ;

sh:targetClass gx:DatacenterAllocation .

DatacenterAllocation:
title: 'datacenter allocation'
description: 'Details specific situation within the datacenter where the service can be accessed.'
attributes:
refersTo:
title: 'refers to'
description: 'Datacenter where the service can be accessed.'
required: true
multivalued: false
range: Datacenter

floor:
title: 'datacenter floor'
description: 'The floor number of the datacenter where the service can be accessed.'
multivalued: false
range: string

rackNumber:
title: 'datacenter rack number'
description: 'The Id of the datacenter rack number where the service can be accessed.'
multivalued: false
range: string

patchPanel:
title: 'datacenter patch panel'
description: 'The Id of the datacenter patch panel where the service can be accessed.'
multivalued: false
range: string

portNumber:
title: 'datacenter port number'
description: 'The port number on the patch panel where the service can be accessed.'
multivalued: false
range: integer

LinkML generator
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XFSC and Gaia-X: FIT is Doing LinkML
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There are [further] constructs that …

… LinkML‘s modelling language as well as SHACL/OWL support, but the LinkML→SHACL/OWL generators not yet.

… LinkML might never, or will not easily support ever (e.g., alternative paths, SPARQL queries, complex OWL axioms, 

multilingual labels)

LinkML schema 
definitions

Special rules
in SHACL

write generate
SHACL shapes

final SHACL 
shapes

merge

publish

Registry
Solution: Issue/MR (addressing both SHACL and OWL)

https://gitlab.com/gaia-x/technical-committee/service-characteristics/-/issues/105
https://gitlab.com/gaia-x/technical-committee/service-characteristics/-/merge_requests/252/
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Dataspace Efforts in the Wild (1/4)

International Data Spaces (IDS)

• Launched in 2014, renamed in 2018

• Architecture for sovereign data exchange

• Semantics + FAIR principles

• IDS Information Model as RDFS/OWL ontology

• IDS Reference Architecture Model

• Broad adoption

Page 93
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IDSA Dataspace Protocol

Based on W3C standards

Control Plane

Data Plane

Sebastian Steinbuss, IDSA

Page 94

Foundation for technical interoperability
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IDS Information Model

Foundation for semantic interoperability
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IDS IM
(common core)

Domain vocabularies
(extension)

Application

Domain application
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IDS Information Model
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IDS: Most Important Documents

Page 97

GitHub as collaboration platform
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Dataspace Efforts in the Wild (2/4)

Gaia-X

• Uses the IDS RAM as building block

• Align with the EU data strategy and European values

• “Federated […] data infrastructure, […] with users retaining control over their data”

• Machine-readable credentials (Self Descriptions)

• Federation services (https://www.gxfs.eu and https://gitlab.eclipse.org/eclipse/xfsc/)

• Adoption in eight ten lighthouse projects
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Gaia-X Dos and Don’ts
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Gaia-X is

• A single point of definition of Gaia-X architecture & rules

• Making available an open implementation to all

• A qualification authority for Gaia-X compliance

Gaia-X Is Not

• A formal standardization body

• A SW or HW product or cloud platform

• A runtime implementation of any Gaia-X service

“Gaia-X” vs.

Gaia-X 

Association

Specify specs, develop code, notarize participants
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Gaia-X Framework (Simplified)
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https://gaia-x.eu/gaia-x-framework/

https://gaia-x.eu/gaia-x-framework/
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Gaia-X Self Descriptions

Page 101

Data / Service 

Provider

Consumer

Self Description

Documentation + Ontology + Validation + Examples + Tool Support

+ Trust:

1. Claim something about myself.

2. Have it confirmed by third parties.

3. Present it to business partners.
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Gaia-X: Sovereign Data Exchange

https://github.com/eclipse-edc/Publications/blob/main/Dataspaces/Dataspaces%20Vocabulary%20and%20Operations.md

Example: Eclipse Dataspace Components

+ “Trust Framework” extension for Gaia-X participants
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https://github.com/eclipse-edc/Publications/blob/main/Dataspaces/Dataspaces Vocabulary and Operations.md
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Dataspace Efforts in the Wild (3/4)

German National Research Data Infrastructure (NFDI)
• Develop solutions and services for RDM

• FAIR principles as key element

European Open Science Cloud
• Ecosystem funded by EU member states and associates

• Provide services and resources for Open Science

• Builds on Semantic Web efforts, Linked Data, FAIR principles

FAIR Data Spaces
• Integrate NFDI and Gaia-X components

• Provide dataspace building blocks for science and industry

• Compliant with the FAIR principles
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Dataspace Efforts in the Wild (4/4)

SOcial LInked Data (SOLID)

• Initiated by Tim Berners-Lee at MIT

• Data sovereignty for organizations and individuals

• Follow Linked Data and Semantic Web standards

Data Spaces Support Centre (DSSC)

• Funded by the European Commission as part of the Digital Europe Program

• Explore needs of dataspace initiatives

• Define common requirements 

• Establish best practices

Page 104

All major efforts agree on some use of semantic technologies.
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Role of Semantics in Dataspaces? 
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Semantics / SW Technologies: Scope
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The Semantic Web
• Identifiers

• Vocabularies and ontologies

• Query

• Rules, inference, reasoning

• Validation

• Data mapping

Evolving Semantic Web Standards
• Linked Data

• FAIR Principles

• Knowledge Graphs
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Semantics in Dataspaces (1/2)

Challenges for dataspaces

• Availability, durability, reliability

• Interoperability: Technical & semantic

• Maintainability of components & vocabularies

Identifiers

• Link rot is critical

• Persistent identifiers (PIDs)

• “Persistence is purely a matter of service.”

John Bowers, Clare Stanton, and Jonathan Zittrain, “What the ephemerality of the Web means for your hyperlinks”, 2021
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Semantics in Dataspaces (2/2)

Shared vocabularies and standards

• Vocabularies and semantic annotation foster common understanding

• Rich metadata enables interoperability

• Support both human and machine

Semantics are essential for dataspaces

• Standards and technologies

• Domain-specific schemas / vocabularies

• IDS RAM 4.0 recently focuses on a Vocabulary Hub

• The XFSC Federated Catalog supports schema management
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How to get Involved?
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Insights on Limitations in Dataspaces
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Dataspace developers and users are unfamiliar with SW solutions

Common language for heterogeneous users

Choice of SW solutions unclear → Bare usage → Unused potential

Inner content of data is not FAIR

Trust for data policies is organizational
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How to get Involved
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Gaia-X
• National hubs: https://gaia-x.eu/who-we-are/hubs/

• Community calls: https://gaia-x.eu/who-we-are/community/

• Tech workshops, e.g. https://www.eco.de/event/gxfs-tech-workshop-4/

• Git repositories: Gaia-X, Open-Source Software, Federation Services

DSSC
• Communities for practice, stakeholders, and liaisons: https://dssc.eu/space/DC/28016695/Communities

IDSA
• Working groups: https://internationaldataspaces.org/make/working-groups-and-task-forces/

• GitHub for code & docs: https://github.com/International-Data-Spaces-Association/idsa

SEMIC
• SEMIC conference 17th – 18th October: https://semic2023.eu/

Semantics in Dataspaces Workshop
• 1st happened on TheWebConf ’23: https://dbis.rwth-aachen.de/SDS23/

https://gaia-x.eu/who-we-are/hubs/
https://gaia-x.eu/who-we-are/community/
https://www.eco.de/event/gxfs-tech-workshop-4/
https://gitlab.com/gaia-x/
https://gitlab.com/gaia-x/gaia-x-community/open-source-community
https://projects.eclipse.org/projects/technology.xfsc/
https://dssc.eu/space/DC/28016695/Communities
https://internationaldataspaces.org/make/working-groups-and-task-forces/
https://github.com/International-Data-Spaces-Association/idsa
https://semic2023.eu/
https://dbis.rwth-aachen.de/SDS23/
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Conclusion

Dataspaces

• Important for the EU’s data sovereignty

• Academia: Keep data at source, include semantics

• Practitioners: Reference models, growing members & impact, agree on some use of semantics

Semantics in dataspaces

• Common understanding through metadata & standards

• Broad user base → SW solutions not fully utilized

How to get involved

• Make identifiers, FAIR and Linked Data more accessible

• Participate in events & community work

• Joint declaration & vision paper

SOLID
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What are Dataspaces?

Page 113



SEMIC Pre-Conference Workshops  |  Brussels, Belgium |  June 2024  | Johannes Theissen-Lipp
Dataspace Interoperability: Insights from the Data Spaces Support Centre

Dataspaces

Page 114

Dataspaces

Specific domains 

High entry barriers

Incompatible solutions

Design vs. implementation

Diverse goals & communities

Common rough idea

“An abstraction for data management in an identifiable scope” 
(Halevy, 2006)

“A multi-sided data platform connecting participants in an 
ecosystem” (Otto, 2019)

“Interlinking data towards loosely connected (global) information”
(Heath, 2011)

“A distributed system defined by a governance 
framework that enables trustworthy data transactions
between participants while supporting trust and data 
sovereignty”
(DSSC Blueprint 0.5, 2023)
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Design Principles for Dataspaces (1/2)
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Original concept by Franklin, Halevy and Maier in 2005 – 2006

• In contrast to relational databases

• Keep every data source as is

• Provide services over dataspaces

Multiple definitions have emerged since then

No general definition of a dataspace
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Design Principles for Dataspaces (2/2)
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Semantics are a core design principle

• FAIR and Linked Data principles

• Semantic descriptions

• Ontologies

The OpenDEI project aligns dataspace initiatives

• Data sovereignty

• Interoperable implementations

• Low entry barriers
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New European Interoperability Framework
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https://ec.europa.eu/isa2/sites/isa/files/eif_brochure_final.pdf

https://ec.europa.eu/isa2/sites/isa/files/eif_brochure_final.pdf


SEMIC Pre-Conference Workshops  |  Brussels, Belgium |  June 2024  | Johannes Theissen-Lipp
Dataspace Interoperability: Insights from the Data Spaces Support Centre

Catalogue Overview

Page 118

https://gitlab.eclipse.org/eclipse/xfsc/cat/fc-service/-
/wikis/home

Hackathon „LinkML CI“ (May 2024)

https://gitlab.eclipse.org/eclipse/xfsc/cat/fc-service/-/wikis/home
https://gitlab.eclipse.org/eclipse/xfsc/cat/fc-service/-/wikis/home
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Backup
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Definitions of a Dataspace
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DSSC Blueprint 0.5:

„A dataspace is a distributed system defined by a governance framework that enables trustworthy data 

transactions between participants while supporting trust and data sovereignty.
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Research Questions
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Data lifecycle model for dataspaces?

Common understanding on general dataspace concepts?

Data access from heterogeneous sources?

Valuable reuse of data and knowledge?

RQ1

RQ2

RQ3

RQ4
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RQ1: Data Lifecycle Model for Dataspaces
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IDSA Dataspace Protocol

Foundation for technical interoperability

Julia Pampus, 
Fraunhofer ISST
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IDS Information Model

124

Bader, Sebastian, et al. "The International Data Spaces Information Model – An Ontology for Sovereign Exchange of Digital 
Content." International Semantic Web Conference. Cham: Springer International Publishing, 2020.

Since 2022: Substitute 
ids: with odrl:, dcat:, …

IDS core classes and their instances in a FinTech example
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Dataspace Efforts in the Wild
Pierre Gronlier, Gaia-X
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European Strategy For Data 

A Common European Data Space, A Single Market For Data

Source: European Commission 

Data can flow within the EU 

and across sectors 

Availability of high-quality data 

to create and innovate

Rules for access and use of data are 

fair, practical and clear 

European rules and values 

are fully respected

Page 126



Gaia-X vs. European Data Strategy

Transparent
Controllable
Interoperable

Gaia-X Cloud

Use Cases 
Data Connectors 
Interoperability

Gaia-X DATA SPACES
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New

↑ Fraunhofer IAIS and FIT 
contributed components 
(but IDS-based, before they 
evolved towards Gaia-X)

↑ Fraunhofer FIT is in one 
of the 6 Future Mobility 
Projects (“Advanced 
Mobility Services”)

This is the project with the 
strongest industry drive. 
Fraunhofer ISST is involved; 
IAIS(.EIS) and FIT are in 
touch. ↓

Not a lighthouse, but of →
national significance. 
Connection between data 
infrastructures for industry 
(Gaia-X) and research 
(NFDI). Coordinated by 
Fraunhofer FIT

Gaia-X Lighthouse Projects
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Gaia-X: Trust and Claims

Optional

Participant

Write claimsGXFS
self-description 

wizard tool 

GXFS 
Notarization 

Service

Verifiable Credentials

Notarization 
Officer

1 2 5 6

Trust Anchors + Trusted Data 
Sources:

Ex. under evaluation: ENISA, TüV, 
LNE, E&Y, Cloud Mercato, …, CABs

Verifiable Credentials Wallet 
(GXFS Organisation/Personal 

Credential Manager)

Text based document

4
.2

Digitalisation

Standalone tool to sign 
claim. Ran locally or 

operated by a Federator.

Self-signing using an Identity 
coming from a Trust Anchors:

Ex. eiDAS, … Steps performed by 
different Participants 
than the Notarization 

officers

Optional
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Gaia-X Trust 
Framework

Step 2/3: Create Gaia-X Self-Descriptions

29 August 
2024

Aggregates 
claims

GXFS
self-description 

wizard tool 

Gaia-X 
Compliance 

service

Gaia-X Self-Description

1 3 5 7

4

step1
Verifiable Credential 

wallets
Verifiable Credential 

wallet

For later use in 
another catalogue or 

online resolving

2

2

https://registry.gaia-x.eu: List 
of Trust Anchors, Data Trusted 

Source, Gaia-X Schemas

Gaia-X Registry 
service

6
.

Catalogues

With catalogue inter-
synchronisation based on 

self-description owner 
policies

https://compliance.gaia-x.eu: Set 
of computable rules using 

measurable and comparable 
attributes

Array of signed 
claims

Optional

https://registry.gaia-x.eu/
https://registry.gaia-x.eu/
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Federation’s 
governance

Step 3/3: Federation governance extension

29 August 
2024

ClaimsFederation
self-description 

wizard tool 

Federation 
Compliance 

service

Federation Self-
Description

1 3 5 7

4

Verifiable Credential 
wallet

For later use in 
another catalogue or 

online resolving

2

Federation Registry 
service

6
.

Catalogues

With catalogue inter-
synchronisation based on 

self-description owner 
policies

Gaia-X Self-Description

Extending Gaia-X Registry 
information with 

Ecosystem specific Trust 
Service Provider

Defined by the 
Federation’s federators. 

Can be manual or 
automated.

Optional
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Global Alignment & Interoperability

• Intra data space interoperability, between the data 

space authority, processing, and data sharing building 

blocks within a single data space instance

• Inter data space interoperability, between multiple 

data space instances at each of the functional levels

Pierre Gronlier, Gaia-X

Peter Koen, Microsoft
Sebastian Steinbuss, IDSA
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Future Directions (1/2)

More areas of life
• Domain vocabularies 

• Tool support

• Participant roles

Non-expert users
• Human-centricity

• Convenient interfaces

• Expressiveness & scalability 

Global scope
• Inter-dataspace integration

• New legal or social concerns
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Future Directions (2/2)

Scalable data exchange
• (Interconnected) data for machine learning

Data sovereignty and control
• Federated and distributed ML models

• Privacy-aware analysis

Stakeholder collaboration
• Science: Research evidence

• Politics: Common values and technical aspects

• Practice: Effective dataspaces for the broad population
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SCHEMA.GOV.IT Fostering Interoperability Adoption
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schema.gov.it
Fostering semantic 
interoperability adoption 

Claudia Pollina
Service designer
c.pollina@innovazione.gov.it

Matteo Fortini
Open Source project leader
m.fortini@innovazione.gov.it 26/06/2024

mailto:g.poggioli@innovazione.gov.it
mailto:g.poggioli@innovazione.gov.it
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ITALIAN CASE STUDY ON SEMANTIC INTEROPERABILITY

Increasing the adoption of semantic 
assets within italian public 
administrations and beyond

q Achieving adoption of semantic interoperability
with design approach

q Beyond documentation: Semantic APIs making 
data exchanges more understandable



NATIONAL DATA CATALOG – FOSTERING SEMANTIC INTEROPERABILITY ADOPTION

Interoperability
ecosystem: tools 
for semantic 
interoperability
schema.gov.it

XO1



NATIONAL DATA CATALOG – WIDER STRATEGY FOR INTEROPERABILITY

A wider strategy of interoperability
making exchanged data and information 
interoperable, implement the once only
principle, with structured data, stable
and unambiguous descriptions.

Maximize the value of public sector information through
interoperability, enabling simple public services that adhere
to the once-only principle.

National Digital Data Platform and National Data Catalog are 
funded by Next generation EU

GOAL: ACHIEVING INTEROPERABILTY AMONG PUBLIC ADMINISTRATIONS



NATIONAL DATA CATALOG – WIDER STRATEGY FOR INTEROPERABILITY

National Digital Data Platform - Italian Interoperability
platform https://www.interop.pagopa.it/

Developers Italia – Main reference
Public Administration software
https://developers.italia.it/

Open data catalogue
https://dati.gov.it/

https://www.interop.pagopa.it/




TOOLS FOR SEMANTIC INTEROPERABILITY

Schema.gov.it makes semantics assets available to foster
(also) the development of semantically and syntactically
interoperable APIs

The catalog serves both public and private entities which exchange data and 
information through the National Digital Data Platform - Italian Interoperability
platform. The goal is to ensure that both the format and the meaning of the 
exchanged information are preserved and understood during exchanges.

NATIONAL DATA CATALOG – VISION
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December
2021

~ 80 resources
MVP Phase
Concept and catalogue MVP

Department for digital
Transformation, CNR and AGID

Ontopia
repository
AGID

~ 80 resources
Catalogue is online
Milestone 1 of NRRP

Department for digital
Transformation, CNR and AGID
ISTAT - Institute of Statistics

June
2022

June
2023

Milestone and how it’s going

Implementing EntityFunded by Next generation EU

Infrastucture 
Consolidation
New functional architecture, 
functionalities, improved 
infrastucture, new tools for 
contributors, improved user 
experience.

Department for digital
Transformation, CNR
ISTAT - Institute of Statistics

January – December
2024

~ 100 resources
New resources 
+ National Registry and INAIL 
(work accident) semantic 
resources

Department for digital
Transformation, CNR
ISTAT - Institute of Statistics

Responsible administration

December
2026

April
2024

~ 200 resources
New resources 
+ ISPRA (environment), MUR 
(secondary educ. university), 
INPS (social security), LEO 
(livestock)

Department for digital
Transformation, CNR
ISTAT - Institute of Statistics

NATIONAL DATA CATALOG – MILESTONE

2017



SEMANTIC RESOURCES NUMBERS
up to 21/06/2024

102
Controlled
vocabularies

See Controlled vocabularies >

60
Ontologies

See ontologies >

40 
Data schemas

See data schemas >

19
Contributors

Public Administrations

NATIONAL DATA CATALOG – AVAILABLE RESOURCES

https://www.schema.gov.it/search?type=CONTROLLED_VOCABULARY&sortBy=TITLE&direction=ASC
https://www.schema.gov.it/search?type=ONTOLOGY&sortBy=TITLE&direction=ASC
https://www.schema.gov.it/search?type=SCHEMA&sortBy=TITLE&direction=ASC


VALUE PROPOSITION FOR USERS

➔ Making semantic resources available to enhance information value.
➔ Ensuring effective and efficient public services and better data quality.
➔ Supporting data standardization.

Public administrations that contribute to 
the catalog with their own semantic 
resources and publish APIs on PDND.

Technicians (in-house, suppliers) who
develop and manage the lifecycle of an 
administration's e-services.

Contributors

Users: Developers 

➔ Facilitating the consultation, search, and use of semantic resources.
➔ Enabling integration and interoperability between data from 

different sources and implementing the once-only principle.
➔ Facilitating the implementation of data portability (GDPR right).
➔ Allowing the use of public information assets for the creation of 

business models (if private).

Public administrations that want to use 
the resources to develop applications
and digital public services.
Research institutions to support 
scientific research.

Users

Contributors can also be users at the same time

➔ Supporting data standardization.
➔ Facilitating the development of new information systems.
➔ Supporting the definition of e-services for data exchange in 

the interoperability ecosystem, implementing NDDP and the 
Single Digital Gateway.

NATIONAL DATA CATALOG – VALUE PROPOSITION



01 
Identify Resources

Browse and navigate 
among available semantic 
assets, that may apply to 
the context of the 
application.

What you can do…
Browse, filter, navigate 
semantic assets 

02 
Implement the APIs

Create an API aligned
with domain semantics
using existing concepts, 
attributes, and controlled
vocabularies.
Expand the semantics
where necessary.
Ensure that the data can 
be transformed
unambiguously and 
rigorously from the 
OpenAPI specification.

03 
Verify the APIs

Ensure the APIs are 
syntactically and 
semantically (coming 
soon) correct with the 
help of checkers, during
the development phases.

What you can do…
Use available tools to 
verify your applications to 
check conformity.

04 
Publish your APIs on NDDP

Publish the e-services, in the 
NDDP testing environment, 
conduct tests, and finally
make them available on the 
catalog for operational use.

What you can do…
Share your API aligned with 
semantic.

How it works if you develop APIs

NATIONAL DATA CATALOG – HOW IT WORKS



ONBOARDING

The catalog is a federated system 
of semantic resources, published
by contributing entities in public 
repositories and gathered through
an harvesting process.
Model and publish semantic resources
in public repositories following the guidelines.
In Italy, public entities generally have a low level of semantic 
expertise. Therefore, we provide support services to assist 
these administrations in modeling and publishing, with our
semantic experts handling the resource modeling.

NATIONAL DATA CATALOG – ONBOARDING



01 
Analyze the Resources to 
be Created/Modified

Assess the resources to be 
modeled or evaluate
potential modifications for 
resources that are already
listed in the catalog.

What you can do…
Browse semantic assets, 
read the guideline

03 
Kick-off Meeting

Contact administrators to 
formally request to 
contribute. After contact is
made, a kick-off meeting 
will be organized to 
evaluate.

What you can do…
Configure repository, adjust
modeling, validate 
metadata before
harvesting, perform syntax
verification.

04 
Harvest semantic Resources

Test and harvest semantic 
resources, which has as its
data sources the repositories 
of appropriately configured
semantic resources. Following 
their first harvesting, 
contributors can continuously
expand their set of semantic 
resources.

What you can do…
Publish your resources, and 
continue improving and 
expanding semantic assets

How it works if you wants to contribute
02
Identify contribution
Method

Identify the most suitable
contribution method for 
your specific case, possibly
requesting support from 
semantic experts.

What you can do…
Model resources on your
own, following the 
guidelines or ask for 
support for modeling.

NATIONAL DATA CATALOG – HOW IT WORKS
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How we did it
design tools for 
semantic 
interoperability and 
developer experience

0O2
NATIONAL DATA CATALOG – DESIGN APPROACH



Plan

Understand

Design

Build

Test

https://designers.italia.it/

Designing a simple, accessible, 
and secure experience for all
citizens by applying user 
experience design principles.

accessibility

systemic User centered

transparency

Co-designed iterative

privacy mobile first open source

approach

principles

Le linee guida di design per i siti internet e i servizi digitali della PA

USER CENTERED DESIGN APPROACH  

https://designers.italia.it/
https://docs.italia.it/italia/design/lg-design-servizi-web/it/versione-corrente/index.html
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Identify your stakeholders and how the system should work

UNDERSTAND – ACTORS MAP AND SYSTEM MAP

Map your stakeholders and main actors Map how your system should
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Identify use scenarios based on user needs, 
build epics and user stories

UNDERSTAND – ACTORS MAP AND SYSTEM MAP

Define how users will interact with your service Map how your system should
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Design information architecture and 
build prototype to test with users

DESIGN – INFORMATION ARCHITECTURE AND PROTOTIPES

Define Information architecture Design prototipe and test it
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Make it iterative and collaborative, and 
perform qualitative research

DESIGN – COLLABORATIVE SESSIONS AND USABILTY TEST

Make it collaborative session, to bring different perspective together Ask users, perform usability test > 89% if users performed succesfully task
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0O3
Beyond 
documentation:
Semantic APIs

NATIONAL DATA CATALOG – SEMANTIC APIS



Enabling the reuse of semantic resources
allows the development of APIs on the NDDP 
that are semantically and syntactically
interoperable.

The semantic approach in the definition of 
data schemas improves the interoperability of 
APIs and the integration of services.

Goal: publish semantic APIs
Create an API aligned with domain semantics using
existing concepts, attributes, and controlled
vocabularies, expanding the semantics where
necessary, and ensuring that the data can be 
transformed unambiguously and rigorously from 
the OpenAPI specification.

Proposal: connecting syntax to semantics with OAS
Use ontologies to describe the problem and OAS to 
define the solution (data schemas, operations, input, 
and output). Design the schemas based on the 
domain knowledge of the ontologies and add
ontological references for machine-readable
semantics.

SEMANTIC APIs

Pilot Study on Semantic APIs
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VISION AND OBJECTIVES

APIs

Semantic
Web
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Publish a Semantic API 

Develop APIs which build upon their data domain semantics
q using existing concepts and controlled vocabularies in the semantics
q expanding semantics where needed
q exchanging data which can be consistently transformed to its linked data 

counterpart by using its OpenAPI specification

JSON-LD is the natural semantic extension of JSON:
o It contains the original JSON
o It adds context, which can be specified separately
o It adds object types
o It adds object ids, or IRIs, which enable dataset interoperability

VISION AND OBJECTIVES



JSON: simple, terse, efficient, eco (146 Bytes)

{
"nome":"Mario",
"cognome":"Rossi",
"comune_nascita":"Roma",
"CF":"RSSMRA75L01H501A",
"data_nascita":"1975-12-01",
"email":"mariorossi75@miaemail.it"
}

JSON VS JSON-LD

JSON-LD: semantic, linked, complete (708 Bytes – 4,85x)
{
"@context": {
"CPV": "https://w3id.org/italia/onto/CPV/",
"SM": "https://w3id.org/italia/onto/SM/",
"nome": "CPV:givenName",
"cognome": "CPV:familyName",
"CF": "CPV:taxCode",
"data_nascita": "CPV:birthDate",
"comune_nascita": {
"@type": "@id",
"@id": "CPV:hasBirthPlace",
"@context": {
"@base": "https://w3id.org/italia/controlled-vocabulary/territorial-

classifications/cities/"
}

},
"email": "SM:emailAddress"

},
"@type": "CPV:Person",
"@id": "https://w3id.org/italia/data/CPV/Person/taxCode/RSSMRA75L01H501A",
"nome": "Mario",
"cognome": "Rossi",
"comune_nascita": "Roma",
"CF": "RSSMRA75L01H501A",
"data_nascita": "1975-12-01",
"SM:hasContactPoint": {
"SM:hasOnlineContactPoint": {
"SM:hasEmail": {
"@type": "SM:Email",
"@id": "https://w3id.org/italia/data/SM/Email/emailAddress/mariorossi75@miaemail.it",
"email": "mariorossi75@miaemail.it"

}
}

}
}

Same information content

• For APIs we want to maximize the variable parts 
over costant ones

• The corresponding JSON-LD adds costant 
elements with context to intepret data correctly

Development

• Start from an existing JSON, then map it to its 
JSON-LD counterpart

• Start from JSON-LD, then remove constant parts 
and useless nesting
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DATA INTEROPERABILITY

JSON to JSON-LD conversion
q Restructure JSON data so that it defines objects with proper nesting as defined in the ontology
q Define "@context"
q Map JSON elements to corresponding ontology concepts or controlled vocabularies
q Define objects' "@type"
q Define objects' "@id"

@id-s are important
Defining universal @id-s for objects allows consistent references from any data source.
An @id is an IRI which will contain the minimum number of elements that can identify a single 
object. In E-R terms, we're looking for the primary key of the concepts table.

JSON-LD
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OAS EXTENSION

Semantic extension to OpenAPI specification (proposal)
The proposal involves adding custom extended fields to schema definitions in the OAS:
• "x-jsonld-context" will specify the "@context" that will be applied to an object. This can 

be used: to link each field to its corresponding attribute in the ontology or to expand a 
controlled vocabulary element to its IRI

• "x-jsonld-type" allows to add a "@type" to an object

JSON-LD
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title: Persona anagraficamente residente
description: |
Persona fisica avente dimora abituale in un determinato Comune
come risultante nell'anagrafe della popolazione residente (artt. 3 e 7 DPR n. 223/1989; art. 43 cc).
type: object
x-jsonld-type: "https://w3id.org/italia/onto/RPO/RegisteredResidentPerson"
x-jsonld-context:

"@vocab": "https://w3id.org/italia/onto/CPV/"
RPO: https://w3id.org/italia/onto/RPO/
SM: https://w3id.org/italia/onto/SM/
codiceFiscale: "taxCode"
idANPR: "personID"
nomeProprio: "givenName"
cognome: "familyName"
haSesso:

"@id": hasSex
"@type": "@id"
"@context":

"@base": "https://w3id.org/italia/controlled-vocabulary/classifications-for-people/sex/"
dataDiNascita: dateOfBirth
luogoDiNascita:

"@id": hasBirthPlace
"@idtype": "@id"
"@context":

"@base": "https://w3id.org/italia/controlled-vocabulary/territorial-classifications/cities"
haResidenzaAnagrafica: "RPO:hasRegisteredResidence"
haPuntoDiContattoOnline: "SM:hasOnlineContactPoint"

properties:
codiceFiscale:

[…]



TAKEAWAYS

☞We want to attract and engage a wide range 
of contributors from public entities, beyond just 
law enforcement, to enhance the catalog's
usefulness for users.

☞We want to effectively engage developers in 
the semantic domain, to develop semantically
interoperable APIs, and make the 
documentation easy to understand.

Ciao, grazie!



https://schema.gov.it

Start searching

RTFM

Know more 

https://schema.gov.it/
https://schema.gov.it/search?sortBy=TITLE&direction=ASC
https://teamdigitale.github.io/dati-semantic-guida-ndc-docs/
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Reusing Ontologies: 
current practices and 
challenges



María Poveda-Villalón, Ontology Engineering Group

Universidad Politécnica de Madrid, Spain

Reusing Ontologies: current

practices and challenges

MariaPoveda

V

mpoveda@fi.upm.es SEMIC, Brussels26/06/2024

The AURORAL project receives funding from the European Union's Horizon 2020 Research 

and Innovation Programme, under Grant Agreement No. 101016854.
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A vocabulary defines the concepts and relations used to describe and represent a domain of interest

(https://www.w3.org/standards/semanticweb/ontology)

BusinessUnit

hasActivityLicense

ActivityLicense

EconomicActivity

BusinessUnit

hasActivityLicense

ActivityLicense

EconomicActivity

economicActivity

economicActivity

https://www.w3.org/standards/semanticweb/ontology


Reusing Ontologies: current practices and challenges

Why

139

❍ Increase interoperability ❍ Reduce development time & resources

Within organizations (e.g. OEG)

Specific portals 

per project, 

organization



Reusing Ontologies: current practices and challenges

Why

❍ Increase interoperability ❍ Reduce development time & resources

Within standardization bodies



Reusing Ontologies: current practices and challenges

Why

❍ Increase interoperability ❍ Reduce development time & resources

Within community efforts / Open Calls

Open Calls



Reusing Ontologies: current practices and challenges

How – We need to publish the vocabularies to be reused

143

https://arxiv.org/pdf/2003.13084

https://www.w3.org/Provider/Style/URI

https://w3id.org/

https://ontoology.linkeddata.es/

https://arxiv.org/pdf/2003.13084
https://www.w3.org/Provider/Style/URI
https://w3id.org/
https://ontoology.linkeddata.es/


Reusing Ontologies: current practices and challenges

How

❍ Increase interoperability

❍ Soft reuse (link to URIs (names))

❍ Reduce development time & resources

Image taken from “Poveda-Villalón, M., Fernández-Izquierdo, A., Fernández-López, M., & García-Castro, R. (2022). LOT: An industrial oriented 
ontology engineering framework. Engineering Applications of Artificial Intelligence, 111, 104755.” DOI: https://doi.org/10.1016/j.engappai.2022.104755

https://doi.org/10.1016/j.engappai.2022.104755


Reusing Ontologies: current practices and challenges

How

❍ Increase interoperability

❍ Soft reuse (link to URIs (names))

❍ Hard reuse (import whole ontology)

❍ Reduce development time & resources

Image taken from “Poveda-Villalón, M., Fernández-Izquierdo, A., Fernández-López, M., & García-Castro, R. (2022). LOT: An industrial oriented 
ontology engineering framework. Engineering Applications of Artificial Intelligence, 111, 104755.” DOI: https://doi.org/10.1016/j.engappai.2022.104755

https://doi.org/10.1016/j.engappai.2022.104755


Reusing Ontologies: current practices and challenges

How

▪ Import ontologies available in the Web

▪ Everything declared/modeled in the 
imported ontology is included in your 
ontology

o Strong commitment

▪ Extend the ontology if needed: define 
new concepts, relations, restrictions or 
specialization to fulfil the requirements

▪ If the original ontology changes one is 
not notified → Use version URIs

Soft reuse
(link to URIs (names))

▪ Declare classes and properties

o Weak commitment 

▪ Establish equivalences / subclass of

▪ Restrict the original definitions

▪ Specialize the original definitions

▪ If the original ontology disappears 

one wouldn’t notice

Hard reuse
(import whole ontology)

❍ Increase interoperability ❍ Reduce development time & resources



Reusing Ontologies: current practices and challenges

How - Repositories

147

▪ Mission: promote and facilitate 

the reuse of well documented 

vocabularies in the Linked Data 

ecosystem

▪ Vocabularies registry and index

o http://lov.linkeddata.es/

▪ Datalift (original project) 

o http://datalift.org/

▪ Started at 2011

▪ Hosted by OEG

http://lov.linkeddata.es/
http://datalift.org/


Reusing Ontologies: current practices and challenges

Information about vocabularies

148

M
e

ta
d
a
ta

R
e
la

ti
o
n
s
h
ip

s

V
e

rs
io

n
s

Connection 

with other 

applications



Reusing Ontologies: current practices and challenges

Features – Terms

149



Reusing Ontologies: current practices and challenges

Search terms

150

Ranked

• Term appearing in 

primary and secondary 

annotations

• Vocabulary popularity in 

LOV

• Term use in LOD

Filters



Reusing Ontologies: current practices and challenges

Other registries

151



Reusing Ontologies: current practices and challenges

How

❍ Increase interoperability ❍ Reduce development time & resources

❍ High learning curve for 

understanding existing (external) 

ontologies. From my experience:

❍ No documentation

❍ No good documentation

❍ No diagrams!!! (btw, there is not even 

a standard for ontology diagrams)

❍ No examples

❍ No requirements



Reusing Ontologies: current practices and challenges

How

❍ Increase interoperability ❍ Reduce development time & resources

❍ Fernández-López, M., Poveda-Villalón, M., Suárez-Figueroa, M. C., & 

Gómez-Pérez, A. (2019). Why are ontologies not reused across the 

same domain?. Journal of Web Semantics, 57, 100492. 

(https://doi.org/10.1016/j.websem.2018.12.010 ) 

❍ Heterogeneity between the concepts in a given domain. For example, in 

Spain, the notion of College does not exist

❍ Heterogeneity in the natural language used. The translation from English to 

Spanish had required an additional time in the process of reuse. 

❍ Deficiencies in the documentation.

❍ Lots of information due to an imported ontology that is not available. 

❍ Unavailable license

https://doi.org/10.1016/j.websem.2018.12.010


Reusing Ontologies: current practices and challenges

How – Technological landscape

https://chowlk.linkeddata.es/

https://lot.linkeddata.es/

https://themis.linkeddata.es/

https://lov.linkeddata.es/

https://oops.linkeddata.es/

https://coralcorpus.linkeddata.es/

https://github.com/dgarijo/Widoco

https://ontoology.linkeddata.es/

https://doi.org/10.1016/j.engappai.2022.104755

https://chowlk.linkeddata.es/
https://lot.linkeddata.es/
https://themis.linkeddata.es/
https://lov.linkeddata.es/
https://oops.linkeddata.es/
https://coralcorpus.linkeddata.es/
https://github.com/dgarijo/Widoco
https://ontoology.linkeddata.es/
https://doi.org/10.1016/j.engappai.2022.104755


Reusing Ontologies: current practices and challenges

How – Going further

155

❍ Increase interoperability ❍ Reduce development time & resources



Reusing Ontologies: current practices and challenges

Conclusions

156

• Need to ease knowledge transfer

• (inter) (intra) organizations

• Based on good documentation

• But not only this

• Vital to develop governance models

• Within organizations

• Considering dataspaces environments

Reusable graphical components

The technological solutions/components are (mostly) there, but ontology reuse is still tedious



Reusing Ontologies: current practices and challenges

Thanks!

157

Acknowledgments: Raúl García-Castro
Image by tartila /  Freepik
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Secure, Semantic, 
Industrial Interoperabilty

for Industrial Automation, Energy, and …
scaling from Sensor to IT/Cloud (Digital Twin, 

DataSpaces, ..)
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Secure, Semantic, Industrial Interoperabilty

for Industrial Automation, Energy, and …
scaling from Sensor to IT/Cloud (Digital Twin, DataSpaces, ..)

SEMIC pre-conference June 26, 2024

Cross-border Semantic Interoperability: From Models Discovery and Design to Implementation and Reuse - part 2

Stefan Hoppe

President & Executive Director OPC Foundation

stefan.hoppe@opcfoundation.org

mailto:Stefan.hoppe@opcfoundation.org
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2024



OPC Foundation 

2024

 Vision 

◦ Secure & reliable

◦ Vendor, platform, and domain agnostic 

◦ Interoperability from sensor to enterprise and beyond

 Global Profile

◦ Non-profit organization (founded 1995)

◦ Companies from Automation & IT

◦ Internationally recognized: OPC UA is IEC62541

 Deliverables

◦ Specifications: openly available

◦ Tools and code examples for faster, easier adoption

◦ Certification: OPC Labs open to everyone

 Ecosystem with toolkits and education

 Modern IPR policy

Membership: 1001 (June 26th, 2024)

Microsoft

SAP

Siemens

Beckhoff

Organizational Overview

Board of Directors 2024

Honeywell

Yokogawa

Mitsubishi

Ascolab

Rockwell 

Schneider 

ABB

VDMA

https://opcfoundation.org

https://opcfoundation.org/
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OPC UA is not a protocol! 

Instead it is a collection of technologies to ensure a 

secure exchange of standardized information from 

the sensor to the cloud (and back).

OPC UA over …

TCP, UDP, MQTT, … APL, SPE, 5G, TSN, …

Universal Industrial Network

• Challenge to transformation from an Automation Pyramid (with proprietary protocols between all layers) to an 

Information Network (providing standardized information exchanged secured end-to-end and be able to bypass layers)

• OPC UA is an open framework delivering end-to-end secured, standardized information exchange

Openess is key: Open Specs, Open source (GitHub) and Open Labs for certification (without be paying member)

• OPC Foundation is the „Collaboration Organization“: together with 60 partner associations we created 150+ standardized

information models for verikals like pumps, motors, robots, injection moulding machines, 

… coffee machines, vending machines,… 
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TransportModelling

- 2 Communication mechanism:

Client/Server & Publisher/Subscriber

- Effective encoding: Binary, JSON

- Protocol agnostic:

TCP, HTTPS, UDP, AMQP, MQTT, 

WebSocket

- REST interface & File tranfer

- Infrastructure agnostic & extendable:

Ethernet, Ethernet APL, TSN, 

5G, WiFi6

- Object Oriented

- For data and interfaces

- For devices and services

- Supported structured data

- Support type validation

- Integrated by Design

- Proven by international experts

- End-to-End security

- Transport Encryption and Signing

- Authentication for applications and users

- Authorization on data points level

- Audit concepts integrated

Security

Security

- Flexible information 

model

- Companion models

- Custom models

Extendable

- OPC UA is IEC62541 

National standard in China  (GB/T 33863.x)

Singapore, Korea, …

- 1000+ members IT and OT worldwide

- International Leadership – elected annually

International

- From field to cloud / cloud to cloud

cloud to field / field to field

- Micro embedded to mainframe

- All industrial domains

- Multiple connectivity scenarios

- High speed, low bandwith

Scalable

- Open standard, open source, open specs

- No proprietary technologies

- Multi vendor / Cross platform

- Multiple domains

- Modern IPR

Independent
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2006

1.00

2009

1.01

2012

1.02

2015

1.03

2018

1.04

2023

1.05.0

ErrataErrata
Errata

Amendements

OPC UA availability 2006 – 2024: 18 years of stability and backward compatibility

Please share your important milestones of OPC history!

https://opcfoundation.org/about/opc-foundation/history/

https://opcfoundation.org/about/opc-foundation/history/
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OPC UA specifications are publicly accessible

Also available as an IEC standard series (IEC 62541)

Currently the standard is comprised of 24 parts 

subdivided into three groups:

1. Core specifications

The basic concepts, the security model, and an abstract 

description of the OPC UA metamodel and the OPC UA 

services. 

2. Access type specifications

Extensions of the information model for typical access to 

data, alarms, messages, historic data and programs.

3. Utility type specifications

Additional solutions for finding of OPC UA-capable 

components and their access points in a network



OPC Foundation 

2024

• Perception: OPC UA is too big and too powerful!

Question: Do all OPC UA functions always have to be provided in the OPC UA Server?

Answer: No!

Examples:

• PLC controllers may not need a REST-Interface

• Edge devices may not require Ethernet-APL or TSN functionality

• Data Spaces, Digital Twin … may not required TCP, UDP but REST , „OPC UA over MQTT“ and file transfer

• ….
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One harmonized solution for OT and IT

Including:

… rich modeling language

- complex data

- inheritance

… flexible transport

- TCP/IP, UDP, MQTT

- File Transfer (since 2013)

- REST interface (since 2016)

… security

- for accessing information

- for transport of information

- onboarding

- infrastructure certificate management

3

2

1
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OPCF FLC Initiative (started in November 2018) 

- Extra support from 25 leading automation 

companies & technology providers

- Overall, more than 320 technical experts from 

more than 65 member companies of the OPC 

Foundation have been active so far in the 

different Technical Working Groups.

OPC UA FX Specifications (OPC UA extensions)

- Spec numbers „OPC 10000-080“, -81, -82, ...

- Harmonized solution for Factory and Process 

Automation, supporting Determinism, Safety, 

Motion, I/O, Instrumentation

- Information models for Controllers and 

Field devices

- Offline / Online configuration

- Mapping to enabling communication 

technologies, such as Ethernet TSN and APL 

- Interactions: Controller-to-Controller (C2C),

Controller-to-Device (C2D), Device-to-Device 

(D2D)

- and much more

Members of the Field Level Communication (FLC) Initiative‘s Steering Committee
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 Three multi-vendor demo walls have been realized for North America, Europe and Asia.

 Approx. 50% of the controller prototypes already support UAFX features (!)

Companies participating

in OPC UA FX C2C 

Demos: 

ABB, Beckhoff, B&R, Bosch 

Rexroth, Cisco, Emerson, 

Festo, Hirschmann-Belden, 

Honeywell, Huawei, Keba, 

Kuka, Lenze, Mitsubishi 

Electric, Molex, Moxa, 

Omron, Phoenix Contact, 

Rockwell Automation, 

Schneider Electric, Siemens, 

Unified Automation, Wago, 

Yokogawa
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 Technology OPC UA over MQTT

◦ … support JSON and BINARY encoding

◦ … is an IEC standard published in Feb 2018

 Largest ecosystem

◦ OPC UA over MQTT supported by

◦ 53+ automation companies (Beckhoff, KUKA, 

PhoenixContact, Siemens, …) 

◦ and top cloud vendors Amazon, Microsoft

 Simple IT integration
Automatic encoding of OPC UA information models 

to OPC UA PubSub JSON and direct ingestion into 

all major cloud services, no expensive data 

conversion at the edge or in the cloud

 Cost effective
License free, openly available spec.

 Built-in security
Support for authentication and encryption.
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Definition: A digital twin is a virtual representation of real-world entities and processes, 

synchronized at a specified frequency and fidelity.
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 Existing cloud-related working groups

◦ UA Cloud Library – A query-able online store of OPC UA Information Models

◦ OPC UA over MQTT – secure transport from edge to cloud and cloud to cloud.

◦ OPC UA REST Interface – cloud-based OPC UA server access

◦ OPC UA WoT Connectivity – standardized industrial connectivity software configuration

◦ OPC UA Industrial Metaverse – reference architecture to combine the virtual and the physical world

◦ OPC UA AI - Leveraging Large Language Models

 Major goals

◦ Standardized transport between OT / IT

◦ Keep context of information models

in cloud

◦ Create Protected Identity “OPC UA CX”

for validation / certification
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Semantic Harmonization between 151+ groups

Concept and process for harmonization is available since years

OPC UA Companion spec:

- Domain specific agreement on semantic and behavior

- Delivered in 2 parts – free of charge

- PDF: human readable (OPC web)

- XML: machine-readable (open, browsable web 

repository) https://reference.opcfoundation.org/

https://reference.opcfoundation.org/


OPC Foundation 

2024

 151+ groups with domain

experts have defined the

semantics for their verticals

 Largest eco-system for

information models for the

automation world

 Landing page with complete

overview here: 

www.opcfoundation.org -> 

About -> Working Groups-> 

List of Working Groups

 Available free of charge

https://opcfoundation.org/developer-tools/documents/
https://opcfoundation.org/developer-tools/documents/
https://opcfoundation.org/developer-tools/documents/
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 Official Certification Test Lab and Compliance tools: Self-testing tools (CTT)

 Open Source (GitHub) with major sponsors (ABB, Microsoft, SAP )

https://opcfoundation.org/developer-tools/samples-and-tools-unified-architecture/net-stack-and-sample-

applications/

 IIoT Starter Kit: easy quick start for OPC UA over MQTT 

https://github.com/OPCFoundation/UA-IIoT-StarterKit

 OPC UAcademic program: Free of charge lecture for professors

https://opcfoundation.org/resources/opcuacademic/

 Success stories by end users 

Like equinor, Renault, Miele, Rosendahl, Procter & Gamble, etc

https://opcfoundation.org/resources/case-studies/

 Podcast with interesting guests

https://opcfoundation.org/resources/podcast/

 Marketplace

https://opcfoundation.org/products/

OPC UA brochure

on OPCF web

https://opcfoundation.org/

resources/brochures/

https://opcfoundation.org/developer-tools/samples-and-tools-unified-architecture/net-stack-and-sample-applications/
https://opcfoundation.org/developer-tools/samples-and-tools-unified-architecture/net-stack-and-sample-applications/
https://github.com/OPCFoundation/UA-IIoT-StarterKit
https://opcfoundation.org/resources/opcuacademic/
https://opcfoundation.org/resources/case-studies/
https://opcfoundation.org/resources/podcast/
https://opcfoundation.org/products/
https://opcfoundation.org/resources/brochures/
https://opcfoundation.org/resources/brochures/
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• Models under modern IPR 
umbrella

• Protection for members, 
integrator and users

• unique in the automation world

• Validation tools

• Models public available – free of
charge

• 10+ commercial modeling tools
available on the market

• Over 151 domain information
models

• Harmonized layers

• Extrem powerfully

• Allow any real-world system to be modelled 
in a natural way, without compromises or 
limitations

• Allow a standard model to be extended (by 
vendors) in a way that does not break the 
conformity to the standard model.

• Allow vendor extensions to be 
discoverable and interpretable by Clients 
without a priori knowledge of the 
extension. Modeling 

Mechanism
Eco-

System

Legal 
Frame

Tool chain
& Adoption
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Independent / Neutral ground to work together / No company, no country can dominate OPC Foundation
Standards can only develop together
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What are the major challenges for the introduction of digital twins and data spaces in industrial automation? 

(multiple choice)

❑ Lack of knowledge about EU regulations in general

❑ Unawareness of the data sharing business model

❑ Unclear definition of data spaces and digital twins

❑ Academic, but not industrial approach to state-funded projects

❑ Ignorance of existing and adopted standards

❑ Lack of relevance for the industry
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Looking for more information?
https://opcfoundation.org/

Stefan Hoppe

President & Executive Director OPC Foundation

Stefan.hoppe@opcfoundation.org

mailto:Stefan.hoppe@opcfoundation.org
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2. Cross-border Semantic Interoperability: From 
Models Discovery and Design to Implementation 
and Reuse

Join us on Slido!

• Use the QR code

• Or go on slido.com
#SEMIC2024Workshops

• Select the correct workshop
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