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Objective of this webinar

Familiarise with Linked Data Event Streams

Demonstrate the business value Linked Data Event Streams can bring for

base registries

Show Linked Data Event Streams in practice
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Workshop practicalities

Please mute your microphones

You can also share your questions for the Q&A session via the chat

The workshop will be recorded



Meeting flow

Presentations of the meeting will be 

followed by Q&A sessions

Presentation Q&A session

How to raise your hand?

1. Click ‘Participants’ and then click ‘Raise hand’ next to your name.

2. You can also raise and lower your hand from the Reactions menu.



The SEMIC action

The objectives of the SEMIC action is to foster Semantic Interoperability

amongst the EU Member States by:

Fostering, share and reuse of semantic assets, experience and tools

and facilitating agreements in key areas.

Identifying opportunities for alignment on semantic definitions,

metadata and reference data sources with special focus on

identification and definitions of Core Concepts / Vocabularies.

Raising awareness on the importance of data and metadata

management.



What is a Linked Data Event Stream (LDES)?



Current data sharing strategies

Data owner/publisher Data users

1. Use of API's

2. Data dumps



Use of API's – Pros and cons

Data owner/publisher

X Maintenance and the 

evolution of functionalities

X Load of the database

X Costs for exploitation and 

support

Data users

✓ Use of tailored API

✓ Limited operational costs

X Higher costs to guarantee 

availability and reliability

X New functionalities depends 

on the data owner

X (Often) No history of data

Ideal situation for a 'Maintenance hell'



Data dumps – Pros and cons

Data owner/publisher

✓ Limited load on the database 

through caching

✓ None or limited features to 

maintain

✓ Low cost of support and 

exploitation

Data users

✓ The required data is available 

locally

✓ Responsive

X Data will be replicated locally

X User gets outdated data

X (Often) No history of data

Ideal situation for a 'replication hell'



A Linked Data Event Stream

A publication technology to share 

information with multiple parties

Allowing everyone to replicate and 

stay up-to-date regarding the unique 

source of truth



Linked Data Event Streams

Data owner

Fast- and slow-moving 

data: IoT, transactions, 

contextual data, user data

Changeable datasets

Event

(Version object)

Data publisher

Linked Data 

Fragments

......

Streaming

Minimal API

Data users

Scalable 

applications

Data service 

providers

Stay up-to-date

LDES 2 Service – Services 

decoupled from the source

Transform, republish

Data intermediary

Building blocks – Combine, 

aggregate, filter, 

refragmentate

Streaming services (web 

socket, SSE, Kalka, …)

LDES client



Linked Data Event Streams

• SEMIC: The Linked Data Event Streams specification

(https://w3id.org/ldes/specification)

• Based on TREE

(https://w3id.org/tree/specification)

• Linked Data Event Streams are Linked Data Event Members 

published conform TREE

• The Smart Data Specification for Semantically Describing Streams

(https://w3id.org/sds/specification)

https://w3id.org/ldes/specification
https://w3id.org/tree/specification
https://w3id.org/sds/specification


LDES and Access to Base Registries (ABR)



Base Registry

A Base Registry is a digital system that is the single source of truth for 
data that is considered core to the operations by a public 
government.



Base Registry is interconnected

A Base Registry is highly/tightly connected with other systems in the 
public government crossing bounderies of agencies, departments,… 
but also jurisdictions (regional -> federal -> EU)



Base Registry evolves

A Base Registry evolves

• The data is in constant flux, but history has to be maintained.

• The information models change.



Interoperability is key challenge for Base Registries

* European Interoperability Framework



Interoperability is key challenge for Base Registries

* European Interoperability Framework

ABR informs, highlights, share experiences, 

collect EU landscape insights, ...



Interoperability is key challenge for Base Registries

* European Interoperability Framework

ABR can provide more in depth assistance:

e.g. Breg DCAT-AP, Linked Data, and now 

LDES



Data interplay-axes in Base Registry 

Vocabulary Application profile Implementation model

Lifecycle of identifiers/objects

Persistent identifiers

(de)central acquisition of data

data sources

Data publishing API

Authentication

& authorization

API guidelines

Deployment
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LDES as core element for base registry

• LDES provides an incremental path towards a broad offering of API/Query interfaces for a base registry



LDES as core element for base registry

• LDES provides an incremental path towards a broad offering of API/Query interfaces for a base registry



LDES as core element for base registry

LDES

Reusable 

indexes



LDES as a solution:

Use case on Address Base Registries



Address data is crucial for many business cases

POSTAL SERVICES

SHARED MOBILITY

FOOD DELIVERY

ONLINE SHOPPING



Official data is scattered across open data portals 
and usually outdated

EU data portal Regional data portalsNational data portals



Non-official open data alternatives cannot 
guarantee reliability nor completeness

Openaddresses.io
OpenStreetMap -

Nominatim



Openaddresses.io incomplete coverage in Europe*

* screenshot taken on 12/01/23 

https://batch.openaddresses.io/data


OSM-Nominatim usage restrictions

https://operations.osmfoundation.org/policies/nominatim/


Reliable access to address data is more challenging for 
business located in cities in between international borders

Baarle-Hertog / Baarle-Nassau

Belgium and The Netherlands

Tourcoing / Mouscron

France and Belgium

Konstanz / Kreuzlingen

Germany & Switzerland

Irun / Hendaye

Spain and France



Publishing address base registry data as an LDES
to enable reliable address lookup services

…

Linked Data Event Stream

Address Base Registry
Stream processing and 

service enabling

User applications



Publishing address base registry data as an LDES
to enable reliable address lookup services

…

Linked Data Event Stream

Address Base Registry
Stream processing and 

service enabling

User applications



The EU Core Location vocabulary as a 
standardized data modelling approach

https://semiceu.github.io/Core-Location-Vocabulary/releases/2.0.1/


Publishing address base registry data as an LDES
to enable reliable address lookup services

…

Linked Data Event Stream

Address Base Registry
Stream processing and 

service enabling

User applications



Creating a data projection (view) from the LDES to 
serve full text search services

…

Linked Data Event Stream

User applications



Pilot implementation over data dumps from official 
address base registries

Member State Address Base Registry Access URL

France Base Adresse Nationale https://adresse.data.gouv.fr/

The Netherlands
Basisregistratie Adressen en 

Gebouwen

https://www.kadaster.nl/zakelijk/registraties/

basisregistraties/bag

Belgium BeSt Address
https://www.geo.be/catalog/details/ca0fd5c0

-8146-11e9-9012-482ae30f98d9?l=en

https://adresse.data.gouv.fr/
https://www.kadaster.nl/zakelijk/registraties/basisregistraties/bag
https://www.geo.be/catalog/details/ca0fd5c0-8146-11e9-9012-482ae30f98d9?l=en


Pilot implementation over data dumps from official 
address base registries  

…

…

…

…

Linked Data Event Stream

Linked Data Event Stream

Linked Data Event Stream



LDES-based ecosystem for address base registries

…

…

…

…

Linked Data Event Stream

Linked Data Event Stream

Linked Data Event Stream

Data owner Data publisher Data intermediary Data usersData service 

providers

LDES 2 Service – Services 

decoupled from the source



Live demo



A pilot on privacy-aware Citizen Base Registries 
data sharing across EU member states (WIP) 

…

…

…

…

Linked Data Event Stream

Linked Data Event Stream

Linked Data Event Stream

User applications

(DCAT-AP) CatalogEU Core Person 
Vocabulary

https://semiceu.github.io/Core-Person-Vocabulary/releases/2.00/


LDES-based publishing approaches can become a 

core API strategy for publishing Base Registry 

data.

Reuse, synchronization and interoperability are 

core considerations of LDES

LDES is compatible with Data Space architectures 

enabling interoperable, cost-efficient and secure 

data sharing capabilities

Takeaways



Thank you 



The European Base Register of Railway Infrastructure: 
LDES for a liquid and data centric SERA  -Single European Railway Area



1
SERA and the European Union Agency 
for Railways



Making railways work better for a digital society





1st Meta Data – Common Ontology – Data Catalogue - Reference Data

2nd Data Access

Railway Sector
Business to 

Government Data 

Exchange

BASE Registers

Railway Business 

to Business Data 

Exchange

• TAF/TAP (IM, RU exchange)

• ERTMS (Supplier IM, RU)

B2B

The Agency´s data ecosystem

B2G



ERA Knowledge Graph + SPARQL endpoint

Connected data
Federated queries 

CSV 
Excel

Documents 
and 

Reports

Agency´s Legacy 
Unconnected

Databases

External 
Data 

Sources

ERA in house data

Common European 
Mobility Data Space

Agency´s digital roadmap:
from siloed to connected data “Fairification” of our railway datasets

High Value datasets for 
mobility

DTLF ITS 
NAPS

Aviation
Road 

Safety
Vehicle 

data
A total of ~30 million data statements (aka triples)
+270k Track segments described
+50k stations (aka Operational Points) described
+50k geo-referenced objects (lat/lon)
+2k Vehicle Types described
27 countries covered

about:blank


2
The European Base Register of 
Railway Infrastructure



Legal interoperability

Organizational 
interoperability

Semantic interoperability

Technical interoperability

European Railway Register

The Agency collects railway 
infrastructure data from all 

EU member states

The Agency publishes a 
Knowledge Graph 

Subject Matter Experts
Laws, regulations,

concept models, requirements

Data Architects
Logical Models

Developer
Physical Models



3
Interoperability Challenges 



Towards real time …Infrastructure change alert

Article 6.d of the EU regulation 2019/777

Source: https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32019R0777&from=ENt

https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32019R0777&from=EN


An event sourcing architecture

𝚫

SPARQL on the 
client-side

𝚫 𝚫 𝚫

𝚫

𝚫 𝚫

𝚫

𝚫 𝚫

LDES Fragments

LDES to service

MS as data publisher or 
data provider 

Plenty of railway actors as  
data consumers

Agency as publisher or
republisher



We need to capture and publish data updates as 
they happen at the source 



4
The LDES opportunity : 
Pilot Phase



LDES opportunity for ERA

• LDES (Linked Data Event Streams) as a Time-stamped Linked Data.

• Historic data remains accessible for reuse

• Removes the need to handle manual data back-ups

• An alert system based on event tracking – requested functionality in our legal basis

• Smarter and more performant data provision

• Opens the door to more flexibility to the Infrastructure Managers. Only need to 
update data when linked to recent changes.

• Enriched validation process.

• Able to restore latest data provision Example: error when uploading data

𝚫 𝚫 𝚫 𝚫
time

https://semiceu.github.io/LinkedDataEventStreams/


Time Series 
DB

Web interface

Data 
serializer

Pilot architecture

* https://github.com/julianrojas87/RINF-LDES

• Data serializing module to manage 
ingestion processes

• Time series-based persistence 
(implemented in a MongoDB)

• Hypermedia-based Web interface 
for publishing the LDES

https://github.com/julianrojas87/RINF-LDES


5
Next Steps



LDES in production: a 12 months effort

Enrich data elements with metadata dct /prov and the historic changes 
Enable differential and more performant data provision

• at the source (data providers)  
• at RML transformation level

Goal



Use cases:

• Complete the Infrastructure Alert service for allowing users to subscribe 
and receive proactive notifications.

• Restore functionality – “ time machine “ or data time travelling 
functionality

• Route Compatibility Check export with timestamp and alert of changes 
in the outcome when infrastructure data or business rules for RCC 
changes

• Web interface to visualize the latest infrastructure changes.
• Time-travelling capabilities over LDES data.



• LDES stands as a complementary alternative for publishing and 
capturing the stream of data source changes.

• Use LDES as input for quality check: Intermediary quality assessments 
processes can be applied on the LDES before final publishing and 
allowing early detection of data quality issues.

Outcomes



LDES @ Event Sourced Base Registry



LDES @ Base Registry

LDES endpoint @ Base Registry of Topographical Objects

service
api

service
LDES

1

https://youtu.be/82rr5dnvYFM


LDES for Updates

service
api

service
LDESLDES

2

ETL



LDES for Updates
from Event Sourced System

service
api

service
LDESLDES

Base
Registry
Source

Documents

event 
sourcing

Event
Store

3



R e g u l a r E v e n t  S o u r c i n g

Source
Docs

EventsCommands

Source
Docs

Query

mental
processing



Proof of Concept | LDES for Updates from Event Sourced System

01



Proof of Concept | LDES for Updates from Event Sourced System
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Proof of Concept | LDES for Updates from Event Sourced System

01 02 03

04 05



Proof of Concept
Conclusion

L D E S  f o r  U p d a t e s  f r o m  E v e n t  S o u r c e d  S y s t e m  w o r k s !

T h e  L D E S  s p e c  i s  N O T  d e s i g n e d  f o r  E v e n t  S o u r c i n g  ( y e t )

W h a t ’s  n e x t ?

02

01

03

04

R i c h  f i l t e r i n g  o n  L D E S  i s  m i s s i n g



Wrap-up and next steps



Some exciting pilots coming up!

Interested in developing a pilot in your Member State or organisation? See how SEMIC can 

help you with it via this page or by contacting arne.van.der.stuyft@pwc.com

Complete the EU Survey (see link in the chat)

Pilots being developed in the LDES community:

- Pilot on Marine data in Europe

- Internet of Water (IoW) in Flanders

Second webinar in ABR: 'Webinar dedicated to the review of

Data Catalogue Application Profile for Base registries

(BregDCAT-AP)’

Further implementation of the ERA pilot

https://joinup.ec.europa.eu/collection/semic-support-centre/linked-data-event-streams-ldes
mailto:arne.van.der.stuyft@pwc.com
https://ec.europa.eu/eusurvey/runner/df1fe9cc-c6cc-8c84-90a1-22c4978a3fc1


Thank you 



Stay in 

touch 

https://joinup.ec.europa.eu/collection/interoperable-
europe/interoperable-europe

(@InteroperableEU) / Twitter

DIGIT-INTEROPERABILITY@ec.europa.eu

Interoperable Europe | LinkedIn

Interoperable Europe - YouTube

https://joinup.ec.europa.eu/collection/interoperable-europe/interoperable-europe
https://twitter.com/InteroperableEU
mailto:DIGIT-INTEROPERABILITY@ec.europa.eu
https://www.linkedin.com/in/interoperableeurope/
https://www.youtube.com/user/ISAprogramme

