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A brief history of data spaces
Early 2000s

The idea of data spaces started as a research concept before

becoming a European policy and infrastructure agenda

The concept of dataspaces first emerged in the data-management

research community in the mid-2000s.

A key starting point is the 2005 paper by Franklin, Halevy, and

Maier, From Databases to Dataspaces, which proposed dataspaces
as a new abstraction for managing heterogeneous and distributed

data sources.

Source: Franklin, Halevy, and Maier (2005). From Databases to Dataspaces.

From Databases to Dataspaces:
A New Abstraction for Information Management

Michael Franklin Alon Halevy David Maier
University of California, Berkeley Google Inc. and U. Washington Portland State University
Abstract Web Search ®
The of relational database systems Far

served to focus the data management community for decades, w1Lh

Virtual Organizatin

spectacular results. In recent years, however, the rapidly

demands of “data everywhere” have led to a field comprised of
interesting and productive efforts, but without a central focus or
coordinated agenda. The most acute information management chal-
lenges today stem from organizations (e.g., enterprises, government
agencies, libraries, “smart” homes) relying on a large number of
diverse, interrelated data sources, but having no way to manage

their ina or principled fashion.
This paper proposes dataspaces and their support systems as a new
agenda for data This agenda much of

the work going on in data management today, while posing addi-
tional research objectives.
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Figure 1. A space of data management solutions.
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A brief history of data spaces
2010s

The concept shifted from academic data management to industrial and
cross-organizational data sharing

A major milestone was the start of the Industrial Data Space initiative in Germany in
2014 by the Fraunhofer Society, which later evolved into the broader International Data

Spaces movement.

The International Data Spaces Association (IDSA) was created to define reference
architectures and standards for sovereign data sharing.

e
Source: Wikipedia (2025). International Data Spaces Association . *'CEADS ﬁ“s-ra INRA@ Page 4



From data sharing to governed data sharing

Data spaces are not just repositories; they are governed ecosystems

e  Traditional data sharing often means:

Send me the file | download it | use it elsewhere

e Data spaces aim for something different:

access or compute

Discover data negotiate conditions :
under policy

preserve control

Source: The author (2026). -3 CEADS ITI\ISTQ\
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What is a data space S
A federated environment P g e
for trusted data sharing

~{Data space
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~~~~~~~~~ Standar'ds,- 2
profiles,
vocabulary

ST S\
SLISNLLL Decen-
s tralized \_-------------"T77 7 _--
N TR
h2S
~
S
~

Role provided by one or more parties that establishes, governs, manages

Source: International Data Spaces Association (2026). Data Spaces: Where the and enforces the technical po"cies and business rules of a data space.

future of data happens.




The Main Players and Governing Rules

INTERNATIONAL DATA
SPACES ASSOCIATION

!

Advancing interoperability: the Dataspace

Protocol

The Dataspace Protocol is at the very core of the technical implementation of every data space

component and guarantees interoperability between components and data space participants.

Sources: International Data Spaces Association (2026). Dataspace Protocol
2

European Commission (2025). A European strategy for data

-
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European Strategy for Data

A cross-sectoral legislative framework

/ Data Governance Act
Data Act
Open Data Directive

B

High-Value Datasets Regulation
Interoperable Europe Act
Al Act (indirectly)
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European data spaces

Data spaces are a major part of the European data strategy

The European Union promotes Common
European Data Spaces to enable trusted
data sharing in strategic sectors.

Source: Otto, Boris (2026). Smart Data Ecosystems.

The vision: a European Single Market for Data

Horizontal Data Legislation

== =

Common European Data Spaces

Manufact. * Agriculture | Finance | Mobility | Green Energy Skills R&l Tourism | Cultural
Deal (EOSC) heritage

European Data Innovation Board
* Prioritisation of cross-sectoral  « Facilitate the sharing of good ®® « Coordination and support of
interoperability standards practices data space projects

Technical Infrastructure

Smart Middleware
Platform
(Simpl)

Standards / Digital identity
Interoperability (elDAS)

High-Performance
Computing

;

Data Spaces Support Centre
Development of blueprint,
glossary, etc.

Testing and
Experimentation
Facilities

INRAZ
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strategy, Feb 2020
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The Common European Agricultural Data Space (CEADS)
What is it?

500 £

) Datasets

100k

Users

A federation

of DSls

Partners
30°
‘ Data Space
27  initatives from 15 EU countries
;‘:‘» Member States . A diverse consortium from 15 EU countries driving agricultural data innovation.

Engaged

400 °

Data Types A
]

Source: CEADS Project (2026). -;."SZEADS IWST E INRA@

Page 9



CEADS means sharing alll

farm data openly

REALITY

CEADS is built on data sovereignty. Data owners
(farmers, companies, organisations) decide if, how,
and with whom their data is shared. Nothing is
shared by default.

ooooo : CEADS Project (2026). Castindsdt
o-funded by
- the European Union



Source: CEADS Project (2026).

CEADS will centralise agricultural
data in one big database

REALITY

CEADS is a federated data space, not a central
database. Data stays where it is and is accessed
securely via interoperable services and standards.

Co-funded by
the European Union



CEADS replaces existing

platforms and systems

REALITY

CEADS connects and interoperates with existing
platforms, data sources and services. It builds on
what already exists instead of replacing it.

o
: CEADS Proji 2026). e
ooooo roject ( ) - Co-funded by ‘—;,t C E A D S
¢

the European Union




The Three Technical Pillars
(For all Data Spaces, CEADS included)

Technical

Data interoperability Data sovereignty & trust

Identity & attestation

Data models
management

Trust framework

Data exchange

Provenance &
traceability

Access & usage
policies enforcement

Source: Data Spaces Support Centre (2025). Technical Building Blocks.

Data value creation
enablers

Data, services &
offering descriptions

Publication & discovery

Value creation services

“cenns meTod INRAZ Page13



Semantic Interoperability in the Data Spaces
Semantic interoperability is about preserving meaning across systems

The data catalog vocabulary — application profile DCAT-AP is the application
profile of the data catalogue vocabulary (DCAT) ontology created to increase
interoperability and provide guidance to EU Member States that publish datasets
on national (open) data portals.

[ DCAT-AP is a specification based on the World
SEMIC : tic int bility i LWSC wide Web Consortium's (W3C) DCAT for
suppons semantic interoperabliity In describing the metadata of public sector

o Europe by promoting common data models, datasets in Europe.

— ,t,- . .
sl vocabularies, and reusable semantic assets = —
= ‘ PO ' ) —
European metadata standards B R N = < B
e  SEMIC is especially relevant because many European === =

connected to this ecosystem, including DCAT-APand 7 [oee

metadata standards and application profiles are = = = -T—
related profiles. = o

i
— L
I

I
HIH

L

o e
Source: European data (2022). Linking data: Data Catalogue Vocabulary «.* CEADS ﬁ“s'ra INRA@ Page14
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Semantic Interoperability in the Data Spaces
What are the specific features of DCAT-AP?

° DCAT-AP indicates classes and properties that are
mandatory

e  When describing properties, DCAT-AP requires the
use of several EU controlled vocabularies

° It defines ranges and domains. For example, a
publisher of a dataset (domain) must be defined as
belonging to the class of an agent (range)

Source: European data (2022). Linking data: Data Catalogue Vocabulary
Application Profile.

DCAT-AP

User

When publishers categorise their
datasets using the recommended
controlled vocabulary data theme,
they will appear in the relevant
thematic cluster.

Free text

=

25 =y

The datasets of publishers who
use free text keywords or other
vocabularies will not show up
so easily.

<*'CEADS
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Semantic Interoperability in CEADS
What role are we playing?

Organized in three scenarios
Scenario 1
° Semantic Annotation at the
Metadata Layer

Scenario 2
e Al-ready image datasets
with semantic annotations

Scenario 3

° Harmonisation and semantic
annotation at the data layer

Source: CEADS Project (2026). Use Case 2

USE CASE #2

Research and
innovation data for
improved Al
algorithms
performance

Q Countries: FR, IT, ES, BE, PL

& Lead Partner: INRAE

Other Partners: |[ESE, FBK, UDL, EV ILVO, PSNC,
ANAMOB, JR

This Use Case connects CEADS with the AgrifoodTEF Data
Space, the upcoming Agriculture of Data partnership, and
the EOSC. It ensures that datasets from experiments,
robotics, and Al testing are accessible for research and
business innovation.

~¥ctaos misTed INRA® Page1s



CEADS Use Case 2

Distributed in Three Scenarios

|
-
Approach AgroPortal
1 Autocomplete

Widget

Scenario 1

Provides AGROVOC con

° Semantic Annotation at the Metadata Layer

Source: The author (2026)

Rls suggestions

AgriFood

TEF DSI

Publishes enriched

metadata
[
o [ AgrospAl
>

Provides AGROVOC concepts st

Metadata
Form
(User Selects concepts

Interface)

DSI

Publishes enriched
metadata

Catalogue

DjustCon

Provides AGROVOC concepts st

Metadata
Form
(User

Interface)

Selects concepts

nect DSI

Publishes enriched

metadata
Catalogue

Anamob

Provides AGROVOC concepts st

Metadata
Form
(User Selects concepts

Interface)

DSI

Publishes enriched

metadata

Metadata
Form
(User

Interface)

Selects concepts
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CEADS Use Case 2
Distributed in Three Scenarios

Gets metadata record, select fields

| P
e z P
Calls > b % (keywords, title, and/or description) Data Curator
AgriFood
.“ orith Metadata TgEF DSI - 1
annotation algorithm Catalogue
Gets response (annotations) Embed annotations into the - o
metadata record - e
8 o Gets metadata record, select fields
Calls >$ R . (keywords, title, and/or description) Data Curator
h AgrospAl
/ 2 o= Metadata 9 DSIp
— e— annotation algorithm Catalogue
Approach AgroPortal i) L
2 Annotator Getsresponse (annatations) fn"e‘f::a‘::::ctz::ns intothe L -+ reviews annotations (optional) -
API
R
o Gets metadata record, select fields
5’ N (keywords, title, and/or description) Data Curator
. = DjustCon
e Metadata g
annotation algorithm Catalogue nectDSI
Gets response (annotations) Embed annotations into the o i p s
metadata record - s ar ¥
P Gets metadata record, select fields
Calls >) g (keywords, title, and/or description) Data Curator
< Anamob
oS Metadata Dl
annotation algorithm Catalogue
S . 1 Gets response (annotations) Embed annotations into the reviews annotations (optional
cenario metadata record

° Semantic Annotation at the Metadata Layer

Source: The author (2026).
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CEADS Use Case 2
Distributed in Three Scenarios

JR
(data
owner)

JR
(data
owner)

Publish Image Datasets

AgriFood
TEF DSI

Requests Semantic Annotated Image Dataset

Gets raw image datasets

AgriFood
TEF DSI

Anamob
Timeworx

ANAMOB Data labelling expert

AgroPortal
Annotator
API

Scenario 2
e Al-ready image datasets with semantic annotations

Source: The author (2026)

Returns dataset with image segment annotations

Call with textual input S

Extracts textual input from dataset

AgriFood

TEF DSI

AgriFood

&
S T

TEF DSI

¢
—_—) & r

> e
Answers API call with annotations

Semantic annotation

service

Embed annotations into dataset

ﬁ\lSTQg
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CEADS Use Case 2
Distributed in Three Scenarios

]
Data
Publishes Dataset oL
Owner catalogue
Requests Harmonised dataset D3l
catalogue

Semantic
harmonisation service

P P
Pse

3 2 b

P> e

Searches Sendsrequest.

Semantic  \g
Artefacts )

Catalogue

PSNC/INRAE Experts Select ontologies/schemas Exports harmonised dataset

Validate mapping, “payuse

validate harmonised }
datasets v

Scenario 3 2 A 0

o . . . PSNC/INRAE Experts 2
° Harmonisation and semantic annotation at the data layer

AAgrospAl Data Mapping Services

Source: The author (2026) .E.’.FEADS I?I\ISTQ\ INRA@ Page20




CEADS Use Case 2
Where we currently are

Scenario 1: Three demonstrations with AgrospAl
1. AgroAnnotator

2.  Connector from AgrospAl to AgroPortal
3.  GeoDCAT-AP Wrapper

Source: AgrospAl. Universitat de Lleida (2025).

AgrospAl Data Space Demonstrator
Agrifood Data Space Demonstrator for Sovereign Data-Sharing and Artificial
Intelligence Services.

NViise
NVivse

gaiax""""" Lighthouse Data Space

INRAZ
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CEADS Use Case 2
Where we currently are

Scenario 1: Three demonstrations with AgrospAl

AgroAnnotator
e  AgroAnnotator is a Compute-to-Data
algorithm written in Python 3.11 that performs
ontology-based annotation of agricultural
documents/datasets based on the AgroPortal
Annotator service inside the secure AgrospAl
execution environment.

Source: Soares, Jonquet, and Garcia (2026). Bringing Semantics into the
Common European Agricultural
Data Space (CEADS)

?

l Start compute job
(dataset + algorithm selected)

'. Extract and normalize text
. (from PDF/HTML/DOCX/TXT) ,

€5 Ontology provided? »22

[ Use selected ontology/ontologies | | Use default ontology (AGROVOC) |
AN J A v

I % |
| Annotate text with AgroPortal
, (handles long texts by chunking) |

v

( Consolidate results
| (merge + deduplicate) |

' Generate outputs
(annotations + concept summary)
N D4

-

\

~N

~

INRAZ Page22




CEADS Use Case 2

Where we currently are

¢

Start compute job W

(dataset + algorithm selected)

v

Extract and normalize text
(from PDF/HTML/DOCX/TXT)

Ontology provided? >

b, -
(Use selected ontologylontologiesw [ Use default ontology (AGROVOC) |
- J J

=

P
Annotate text with AgroPortal
(handles long texts by chunking)
\ )

I 2

e Y
L Consolidate results J

(merge + deduplicate)

—

2
L Generate outputs \1

(annotations + concept summary)

o

Source: Soares, Jonquet, and Garcia (2026). Bringing Semantics into the
Common European Agricultural
Data Space (CEADS)

Job finished

Annotator Test Dataset (PDF) 7
GXAT | did:op:1432270ffdfba2c5d316c99f5c98e12571dc@fb7d31a775¢

AgroPortal Annotator 7
GXAT| did:op:668638a5d407bdd00188562ae188e544fc8937171e0b

Results

= RESULTS (chunk_0001.json) - 201.8 KB

®  RESULTS (chunk_0002.json) - 180.1 KB

®  RESULTS (chunk_0003.json) - 31.9 KB

®  RESULTS (combined.json) - 461.7 KB

®  RESULTS (concepts_summary.csv) - 12.7 KB
= RESULTS (concepts_summary.json) - 29.4 KB
®  RESULTS (merged_annotations.json) - 440.8 KB
= RESULTS (run_metadata.json) - 581 Bytes

®  ALGORITHM LOGS - 240 Bytes

®  CONFIGURATION LOGS - 2.4 KB

®  PUBLISH LOGS - 363 Bytes

Restlts are stored for 30 days.

CREATED FINISHED
9 days ago 9 days ago
JoBID

49eb7abcOe514a0ca72deac35539bb19

isTed
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CEADS Use Case 2
Where we currently are

Scenario 1: Three demonstrations with AgrospAl

Connector from AgrospAl to AgroPortal
e  An integration between AgrospAl and
AgroPortal that enables tagging with
controlled terms during asset publication

Source: Soares, Jonquet, and Garcia (2026). Bringing Semantics into the
Common European Agricultural
Data Space (CEADS)

DCAT-A

— l_;__lg

User

When publishers categorise their
datasets using the recommended
controlled vocabulary data theme,
they will appear in the relevant
thematic cluster.

Free text

The datasets of publishers who
use free text keywords or other
vocabularies will not show up
so easily.

INRAZ
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CEADS Use Case 2
Where we currently are

Scenario 1: Three demonstrations with AgrospAl

Connector from AgrospAl to AgroPortal
Ontology terms

e.g. agriculture, plant, soil.

Filter search by ontology

e.g. AGROVOC

(a) Ontology term selector fields in the publish form.

Ontology terms Ontology terms

wheat v wheat v
 wheat wes 2 wheat scomc

2 Wheat seenes 2 soil-borne

7 wheat cumssce 2 wheat dwar

 wheat wo 2 loose smut of wheat sovovex

(b) Searching “wheat” without ontology filtering (c) Searching “wheat” with AGROVOC selected re-
shows matches across multiple ontologies. stricts suggestions to that ontology.
Source: Soares, Jonquet, and Garcia (2026). B Semantics into th ® “Vceap
Comman European Agrcutrl ) C o Semenics o he 7 ERes

Data Space (CEADS)
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CEADS Use Case 2
Where we currently are

Pontus-X DDO Metadata

Scenario 1: Three demonstrations with AgrospAl

GeoDCAT-AP Wrapper
e A catalogue-level service that improves
interoperability by exposing Pontus-X
catalogue records as GeoDCAT-compliant
metadata.

GeoDCAT-AP Metadata

|‘|

e
Source: Soares, Jonquet, and Garcia (2026). Bringing Semantics into the «.* CEADS ﬁ“s-r& INRA@ Page26

Common European Agricultural
Data Space (CEADS)


https://aquarius.pontus-x.eu/api/aquarius/assets/ddo/did:op:4d6f4ca585ad87372950da178689e2baf8b8e2668968765ca305bfb718af9cf3
https://dcat.agrospai.udl.cat/api/aquarius/assets/ddo/did:op:4d6f4ca585ad87372950da178689e2baf8b8e2668968765ca305bfb718af9cf3

CEADS Use Case 2
Discussion: what we learned

Lessons learned

Data-space infrastructure alone is not enough.

Metadata standards need practical mappings.

Controlled vocabularies must be integrated into user workflows.

Semantic services should respect data-space trust constraints.
Compute-to-Data is promising, but external annotation APIs raise sovereignty
questions.

SHACL validation is essential for catalogue-level quality assurance.

° AgroPortal can support CEADS as a reusable semantic layer.

o e .
Source: Soares, Jonquet, and Garcia (2026). Bringing Semantics into the -;' FEADS ’T,\IST& INRA@ Page27

Common European Agricultural
Data Space (CEADS)



CEADS Use Case 2
Future directions

What to do next

integrate more ontologies beyond AGROVOC,

support ontology selection by data providers,

improve multilingual concept labeling,

annotate structured datasets, not only documents,
deploy annotation closer to the data-space environment,
align with HVD DCAT-AP and other European profiles,
generalize the connector to other Pontus-X installations

e
Source: Soares, Jonquet, and Garcia (2026). Bringing Semantics into the -;' FEADS ’T’\IST& INRA@ Page28
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Final message
Data spaces need semantics to become truly interoperable

Data spaces are not only about connecting infrastructures AgroPortal can help CEADS move from:
They also require:

shared meaning, data sharing
semantic artefacts,

controlled vocabularies,

metadata standards,

validation mechanisms,
governance-aware semantic services.

meaningful, trusted,
Al-ready data reuse

e
Source: Soares, Jonquet, and Garcia (2026). Bringing Semantics into the «.* CEADS ﬁ“s-ra INRA@ Page29

Common European Agricultural
Data Space (CEADS)
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