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What is interoperability?
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Treasury and 
Finance

Employee

Tax Authority

Employer

Payroll 
Systems

(calculation, 
payment, analytics, 

audit, …)

Social Security

Transversal 
Systems

(bank transfers, 
authentication, …)

Labour Ministry

Interoperability among what? – Payroll domain
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Interoperability across countries – Railways domain

ERA RCC – Route Compatibility Check application
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Why ontologies? – The problem: lack of interoperability

When we share data, wouldn’t it be great to always use the same data structures? 

Publish

Extract

Publish

Extract

Publish

Extract

I want to share 
my data

I use GTFS I use my own CSV 
structure

I provide a web 
service
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What is an ontology?

A data model, built through consensus, and described in a formal way

Defines concepts, how are they 
classified, their attributes and 
relationships, etc.

In W3C standards 
(languages)such as RDF 
Schema or the Web Ontology 
Language (OWL)
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Ontology benefits - Specify a shared common understanding

• Among people and software agents
• Person – person
• Person – agent
• Agent – agent

• Enable developing common specifications
• Schemas
• Data
• Services/APIs
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Ontology benefits - Describe data in a more precise manner

• Explicit representation of data
• Unambiguous definitions of terms

• Suitable for multiple data formats 
• Unstructured, semi-structured, structured

• Grounded on a formal semantics
• No loss of meaning in information exchange
• Allow reasoning and validation
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Ontology benefits - Make data homogeneous and reusable

• Sharing consensual models facilitates data homogenisation
• Data silos become reusable data
• Vendor locks are broken and generic applications can be developed over 

homogeneous data

City 1

Air quality 
sensor data

Air quality 
vocabulary

Data annotated 
homogeneously

City 2

Air quality 
sensor data

Air quality 
vocabulary

Data annotated 
homogeneously

Mobile application developed
for local authority 1 with air
pollution data

This same application can be
reused with the data from local
authority 2 because it has the
same format as that of local
authority 1
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Ontology benefits - Interlink and integrate data more easily

• Support cross-domain data merging
• Solve ambiguities
• Support enrichment with

• contextual data
• provenance information
• multilingual information
• …

Census data of
establishments 

and terraces

Noise sensor 
data

Streetmap 
data

Obtain the names and schedules of the
terraces authorized to operate in Plaza 
de España and the noise levels in the
time slot from 07:00 to 19:00 detected

in that location during the summer

By linking these
datasets, cross-
queries can be 

performed
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Ontology benefits - Improve data quality over time

• Good practices in data representation led to improvements in the original 
data sources (e.g., missing data)

• Data growth and evolution allows schema evolution with low impact in 
systems
• Easy to extend with new concepts or ontologies

The ontology provides consensus
representations of the data that the
domain should cover

The original data is not
always represented correctly
or is incomplete

This constitutes an
opportunity to learn
about how they should
be represented
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Ontology benefits - Empower application development

• Encapsulate domain knowledge
• Independent of operational knowledge (e.g., source code)

• Enable semantic interoperability
• Data publication, discovery, access and querying

• Improve data/AI tasks
• Search and browsing, analytics, machine/deep learning, LLMs, agentic AI, etc.

City 1

Air quality 
sensor data

Air quality 
vocabulary

Data annotated 
homogeneously
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Ontology benefits – Strengthen Artificial Intelligence

• Enable hybrid AI (symbolic + subsymbolic)
• Understand data beyond finding (statistical) 

patterns
• Support for symbolic reasoning alongside 

statistical learning

• Grounding and factual accuracy
• Resolve ambiguity in Natural Language 

Processing
• Anchor model outputs to facts for better 

answers
• Empower retrieval augmented generation 

(GraphRAG)

• Improved data quality and consistency
• Provide consistent terminology and outputs
• Enrich with context
• Reduce inconsistencies/hallucinations

• Reduced need for training data
• Inject expert knowledge directly
• Support data-scarce scenarios
• Domain adaptation without full retraining

• Enhanced explainability and trust
• Easier to explain decisions through 

structured knowledge and reasoning
• Critical for accountability and regulatory 

compliance
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Previous initiatives – FEMP open data catalog

https://github.com/opencitydata 

http://vocab.ciudadesabiertas.es/

https://github.com/opencitydata
http://vocab.ciudadesabiertas.es/
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Previous initiatives – Public Procurement

• Several efforts have been done for the homogenisation of public 
procurement data
• PCO (Public Contracts Ontology)

• https://github.com/opendatacz/public-contracts-ontology 

• PPROC (Public Procurement Ontology)
• http://contsem.unizar.es/def/sector-publico/pproc 
• https://github.com/pproc 

• OCDS (Open Contracting Data Standard)
• http://standard.open-contracting.org/latest/en/

• Ongoing efforts
• EU Publications Office – eProcurement Ontology (ePO)

• https://github.com/eprocurementontology/eprocurementontology/ 
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Previous initiatives – ERA ontology

https://data-interop.era.europa.eu/vocabulary 

https://data-interop.era.europa.eu/vocabulary
https://data-interop.era.europa.eu/vocabulary
https://data-interop.era.europa.eu/vocabulary
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Previous initiatives – ETSI SAREF ontology

https://saref.etsi.org/



© 2026 eSPap  - Entidade de Serviço s Parti lhado s da Ad ministração Pública, I.P. / SP+ PRR

18

SP+ PRR  |  Raúl García-Castro / SPRH

Ontologies and regulations

• ERA ontology. First legally binding 
ontology in the Railway domain (2023)

• ETSI EN 303 760. SAREF Guidelines for 
IoT Semantic Interoperability (v1 2024) 

• Code of Conduct on energy 
management related interoperability 
of Energy Smart Appliances (v1 2024) 
DG ENER and EC’s JRC Smart Electricity 
Systems
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Recommendations for enabling interoperability

• Mid and long-term investment on ontology and data 
governance pays off
• Community-driven ontology engineering is a long-distance race
• Propose a good governance scheme from the beginning
• Tool support and training are essential

• Follow agile and incremental approaches
• Terminology → Use cases and requirements → Interfaces and protocols 
→ Ontologies → Products, services and processes → Quality

• Everything is about reaching agreements
• Especially relevant in multi-stakeholder contexts
• Think of outsiders!
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Expect several challenges

• Harmonization of “sometimes-colliding” views is tough
• Need for off-the-shelf templates for ontology governance
• The use of semantics will change over time

• Change management (adding or deleting concepts, properties…)
• Propagation of changes across semantic resources and systems

• Integration with regulatory and legal frameworks
• Digital-ready policy making
• Rules as code paradigm (both human readable and machine executable)
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Conclusions

• Semantic interoperability is a must for for creating value in 
public administrations
• Heterogeneity is (and will be) a reality
• No golden bullet for semantic interoperability

• Interoperability governance is not optional
• Interoperability is technological and social (community-driven)
• Holistic, formal and adaptive governance frameworks are required
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Obrigado.

Raúl García-Castro
r.garcia@upm.es
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