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What is interoperability?

IEEE Standard Computer Dictionary

Interoperability

The ability of two or more systems or
components to exchange information
and to use the information that has
been exchanged.
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Interoperability among what? — Payroll domain
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Interoperability across countries — Railways domain

Por qué los trenes no caben por los
tuneles y qué pasara ahora con la nueva
flota de Cercanias de Cantabria y Asturias

La antigua red de FEVE de estos territorios es la mds antigua del pais, data del siglo XIX y sus
subterrdneos son mas pequefios, por lo que requieren de convoyes con un gdlibo inferior

— Los nuevos trene
las medidas

Bilbao Concordia

Arutzota
*" Basurto Hospital
/ Zorrotza

i
o

ERA RCC - Route Compatibility Check application

French rail company orders 2,000 trains
too wide for platforms

By Reuters

May 20, 2014 11:01 PM GMT+2 - Updated May 21, 2014




SP+ PRR | Raul Garcia-Castro / SPRH

Why ontologies? — The problem: lack of interoperability

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

| want to share Q @ o
my data
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What is an ontology?

A data model, built throug and described in a formal wa

Defines concepts, how are they
classified, their attributes and

relationships, etc.

pproc:Contract

A Administrative type (disjoint)

pproc:Harmonized pproc:Extendable pproc:Multiannual pproc:Private pproc:Works pproc:Mixed pproc:Services
Contract Contract Contract Contract Contract Contract Contract
Lot type (disjoint)

= - T pproc:PublicPrivate pproc:SpecialAdministrative pproc:Supplies
p%&ﬁ};ﬁtg&d pproc-Conlract pproc:Lot PartnershipContract Contract Contract
[y

WithLots

Agreement type (disjoint) pproc:RentContract pproc:LeaseContract pproc:BuyContract
pproc:Conclusion pproc:Derivate
Contract Contract
A pproc:PublicServices pproc: Precomercial pproc:PublicWorks
pproc:FrameworkAgreement pproc:Framework ManagementContract Procurement ConcessionContract
ConclusionContract DerivativeContract A
pproc:DynamicPurchasing pproc:DynamicPurchasing pproc:MixedCapital | | pproc:SharedResult | | pproc:Agreement | | pproc:Co
SystemDe ivativeContract CompanyContract AgreementContract Contract Cont

SystemConclusionContract

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

e Data
e Services/APls
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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
e Unstructured, semi-structured, structured

Grounded on a formal semantics
* No loss of meaning in information exchange
* Allow reasoning and validation

Name /P Start Time End Time Guide Name
Raoyal Palace Fa o ura 0 0 00 2026-03-20T11: Alejandro Garcia
Sofia Martinez

Carlos Rui

ont risticActivity -onto:takesPlacelm - - - onto:Edition onto:hasGuide
onto-hasPrice: decimal H omo:hasStan‘I“lme.: dateTime ! onto:hasName: string

Flamenco Show & Dinner ce  Entertainment
Bernabeu Stadium VIP Tour Sports/Sightseeing
Ghosts and Legends Evening Walk NightifeTour I 00 2 0 :00  Elena Diaz

ural Miguel To
Authentic Paella Cook Food & Drink -03-2 Carmen Romera

Churros and Ch Morning Walk

rid City Highlights Segw

ontemparary Art 2 0:00 2 6:00:00

Diega Blanco

Isabel

Cultural Clara Rub
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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

1City 1 1City 2 :
1 1
I I E I
| | |
| | |
| 1 |
1 Air quality Air quality 1 Air quality Air quality !
: sensor data vocabulary : sensor data vocabulary :
| 1 |
| 1 |
| | :
. .. | |
Mobile application developed . .
for local authority 1 with air : : : This same application can be
pollution data I reused with the data from local
! Data annotated ! Data annotated I authority 2 because it has the
:_ homogeneously ! homogeneously | same format as that of local

e e authority 1
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Ontology benefits - Interlink and integrate data more easily

* Support cross-domain data merging
* Solve ambiguities

e Support enrichment with
* contextual data
* provenance information
* multilingual information

EEER
[
[
[ |
Census data of EEER
establishments . Obtain the names and schedules of the
and terraces = E—) terraces authorized to operate in Plaza
. de Espana and the noise levels in the
Streetma By linking these .
=... data - d);tasetsgcross— time slot from 07:00 to 19:00 detected
[ . in that location during the summer
] queries can be

Noise sensor performed

data
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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 impactin
systems

* Easyto extend with new concepts or ontologies

The original data is not This constitutes an Th :
_ X _ e ontolo rovides consensus
always represented correctly opportunity to learn =

Ve, representations of the data that the
or isincomplete about how they should dorrain should cover
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/Al tasks
 Search and browsing, analytics, machine/deep learning, LLMs, agentic Al, etc.

City 1
Air quality Air quality
sensor data vocabulary

Data annotated
homogeneously
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Ontology benefits — Strengthen Artificial Intelligence

* Enable hybrid Al (symbolic + subsymbolic) * Reduced need for training data
 Understand data beyond finding (statistical) * |nject expert knowledge directly
patterns » Support data-scarce scenarios
* Support for symbolic reasoning alongside * Domain adaptation without full retraining

statistical learning
* Enhanced explainability and trust

ERSIoundinE and iactual accuracy * Easier to explain decisions through

* Resolve ambiguity in Natural Language structured knowledge and reasoning
Processing e Critical for accountability and regulatory
* Anchor model outputs to facts for better compliance
answers
* Empower retrieval augmented generation

(GraphRAG)

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




SP+ PRR | Raul Garcia-Castro / SPRH

Previous initiatives — FEMP open data catalog

Conjuntos de datos a publicar en abierto por las EE.LL
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https://qithub.com/opencitydata
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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/

= Publications Office
of the European Union
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Previous initiatives — ERA ontology

org DrganlzatlonJ [ foaf:Persan J
|

[ org:Body J gsp:Feature

EUROPEAN

time:Temporal time:Temporal
Entity Duration

roleOf
Organisation leeJ Feature Ji.ralnmnr;)[TemporalFeatureJ

infrastructure

Manager a.-sF‘a

Infrastructure eiFivterence 4>[ NetBasic has MNetElement J

UNION
AG ENfC'*rr

Element Reference Sequence

inCountry belongsTo hasTopoCoordinate onLinear | elementd elementB

Element
Common [ Topological

[ pub:Country J Characteristics Coordinate
Subset

parameterdpplicability———————— =
infrastructureManage amt . Parameter
paramaterApplicability Applicabilty
—

Class Class Class ~
Ml Class :
Physical layer ~ Topology layer Positioninfand  Both layers Extemal Ontology subClassOf
Locating Inf Layer

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

[ MetRelation J



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

SAREF

oneM2M Base Ontology

https://saref.etsi.org/



Ontologies and regulations

COMMISSION IMPLEMENTING REGULATION (EU) 2019/777
of 16 May 2019

ELIHI:}F' EAMN on the common specifications for the register of railway infrastructure and repealing Implementing

* ERA ontology. First legally binding UNION s
ontology in the Railway domain (2023) SENC e

ERA vocabulary

* ETSI E N 30 3 76 o . SA R E F G u id e li n e S fo r ‘ERA Vocabulary’ means a Technical Document issued by the Agency

pursuant to Article 4(8) of Directive (EU) 2016/797, establishing human
and machine readable data definitions and presentations and linked

I OT S e m a nt i C I n te ro p e ra b i l.ity (V 1 2 O 24) quality and accuracy requirements for each data element (ontology) of

the rail system.

(Text with EEA relevance)

* Code of Conduct on energy The Ageacy sall anms the ERA vocabaliry is meind fo el
management related interoperability e
of Energy Smart Appliances (v1 2024) —
DG ENER and EC’s JRC Smart Electricity -
SYRIGINE - S

d) Ensure that all relevant information elements used in the implemented use cases (see point
a) as well as in the open protocol (see point b) have a corresponding SAREF representation,
fully compliant with the SAREF framework of ontologies according to the technical
specification ETSI TS 103 264 (SAREF core) and ETSI TS 103 410 series (SAREF extensions)
(see Annex 2).
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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 =2 Interfaces and protocols
- Ontologies = Products, services and processes =2 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



Obrigado.
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