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Digital Single 
Market

In 2015, the European Union launched 
the Digital Single Market (DSM) strategy 
to create a unified European digital 
space. 



Key DSM Objectives: Empower, Move, Foster

Build a pan-European digital ecosystem in which diverse services (e.g., IaaS, 
PaaS, SaaS, DaaS) can be easily discovered, accessed, and combined.Empower

Shift away from fragmented, country-specific services toward a federated 
network of interoperable digital services.Move

Strengthen European digital sovereignty by reducing reliance on dominant 
non-EU platforms.Foster



Intended Outcomes

Better access for both consumers and businesses to digital 
goods and services.

Fair and competitive environment where all digital service 
providers, whether large or small, can compete on equal terms.

Maximized growth potential of Europe’s digital economy by 
supporting innovation and competitiveness.



From DSM to Stronger 
Regulations

DSM aims to create a unified, trusted environment 
across EU Member States.

Building on DSM, the EU adopted new laws:

• Digital Services Act (DSA): Responsibilities for 
online platforms, safer digital spaces 
(transparency and trust)

• Digital Markets Act (DMA): Targeting large 
‘gatekeepers’ to ensure fair competition. 



The Core of the EU Digital Vision: Interoperability & Federation

Interoperability means ensuring digital 
services from different providers and EU 
nations can seamlessly communicate and 
work with each other (Interoperate).

Service federation is about uniting 
these various services into a single, 
integrated system that scales 
across all Member States.



The Backbone of 
the EU’s Digital 

Single Market

• Interoperability: Minimizes fragmentation and 
ensures cohesive operation across Member 
States.

• Service Federation: Builds on interoperability to 
link services into unified networks, fostering 
innovation and collaboration. 

• Trust: Organizations must demonstrate that their 
services are interoperable, work reliably and meet 
high EU standards, reinforcing user trust.



How We Tackle Interoperability & Trust to Enable Service Federation

• Define harmonized, semantic‐driven standards for describing services and their characteristics.
• Ensure a common vocabulary across providers and platforms, minimizing fragmentation.

Interoperability

• Use a reasoning system that checks compliance and compatibility among services based on their semantic 
descriptions.

• Enable automated discovery, orchestration, and combination of services into unified, interoperable networks.

Service Federation

• Provide transparency about how each service is described, down to foundational logic and service 
characteristics.

• Empower users to understand services compatibility levels, usage constraints, and compliance status, building 
confidence in the ecosystem.

Trust



Agenda 

• Interoperability Challenge 
• Computing Compatibility 
• Metrics to derive level of compatibility
• Ontology  
• Demonstration 



The Challenge of Interoperability

Data is scattered across 
isolated services (silos)

Each system uses different 
formats, schemas, and 

terminologies

It’s hard to merge, query, or 
validate data meaningfully 

across systems

To federate services, we 
need a shared 

understanding of data for 
both humans and machines

A semantic layer can enable 
interoperability through 

shared meaning



What Does 'Semantic' Mean?

'Semantic' refers to meaning, not 
just structure

Semantic technologies enrich 
data with context and logic

Machines can understand 
relationships and make inferences



Reasoning, 
Inference & 
Entailment

Reasoning: “The process of what 
follows as a consequence from what.” 
(Hogan 2020, p. 171) In other words, 
reasoning is how we derive new 
knowledge from known facts.

Inference: The computational act of 
deriving new knowledge (entailments) 
from existing data. It's the 
implementation of reasoning.

Entailment: “What follows as a 
consequence from what.” (Hogan 
2020, p. 171). If some data is true, 
then the entailed conclusions must 
also be true.



Example:

If :Alice is a :Professor and all :Professors are 
:Employees, then it is entailed that :Alice is an

:Employee. 



all Professors are :Employees

Alice is a Professor                                      Bob is a Employee



Semantic Technologies: Core components 

RDF: Universal 
graph-based data 

model

RDFS & OWL: 
Define shared 

ontologies and infer 
new facts

SPARQL: Query 
across distributed 
RDF data sources

SHACL: Validate 
data against 

expected structure 
and rules



SHACL: Shapes 
Constraint 
Language

Used to validate RDF graphs against a set of 
conditions (shapes)

Ensures data quality and conformance

Also supports SHACL Rules for more advanced 
reasoning 

We perform our compatibility checks at the level 
of service characteristics, which we represent as 
knowledge graphs 



Compatibility 
Challenge 

A major challenge in enabling federation 
among services is establishing whether  
services are compatible, automatedly 
verify and assess the degree of that 
compatibility, and, when services are not 
fully compatible, inform stakeholders about 
the steps required to achieve compatibility.



From Portability to Compatibility

Initial Goal: Develop a metric for measuring level of service portability.  

Key Realization: Portability challenges often originate from deeper 
compatibility issues.

Shift in Focus: Ensure fundamental compatibility before a service can truly 
become portable.

Outcome: Formalize checks and methods to address incompatibilities as 
a core step toward achieving portability.



Semantic Representation of Services for Compatibility 
Checks

We are enhancing GAIA-X set of ontologies and related semantic-based standards to 
accurately describe service characteristics in federated marketplaces and ecosystems.

Using our ontology, we are creating knowledge graphs and SHACL shapes to effectively 
represent and validate service characteristics.

This approach enables us to retrieve information, conduct compliance checks on 
service characteristics, and develop metrics to assess compatibility between 
services. 





Compatibility 
check



A metric to compute interoperability 

We developed a metric to compute level of compatibility between individual services and to derive 
an overall compatibility score across the marketplace.



Proof of concept 

Fictional 
Markeplace 

Virtual Machine 
and Virtual 

Machine host 



User inputs for required characteristics 

The user inputs the characteristics 
of the cloud service

The user submit the form



Validating the compliance of the user input

Knowledge graph: describes the service 
cloud characteristics

The SHACL shape: encodes the 
constraints of compatibility

The user validates both the knowledge 
graph and the SHACL shape



Compatibility metrics in action

SHACL shapes: highlight any validation 
violations 

Compute the compatibility metrics

Provide a quantifiable assessment of 
the service alignment within the 
marketplace



Among our objectives: 

We aim to enhance marketplace users' awareness of how 
their services support federation based on specific 
attributes. 

We want to empower users to see which services have been 
published in each market, helping them identify the most 
suitable marketplace for their needs.

We aim to fosters transparency, enabling users to 
understand which services are compatible with others, 
supporting informed decision-making.



Survey on compatibility metrics: your 
opinion matters

https://forms.office.com/e/esd6RvcKTs

This demonstration fits in a wider 
research program

To help us further take a minute 
answering the attached survey!

https://forms.office.com/e/esd6RvcKTs


Thank you! 

giulia.biagioni@tno.nl
ines.martinezbustamante@tno.nl
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