kadaster

he Knowledge Graph as
Interoperability Foundation

Erwin Folmer 14-6-2023

The Case at the Dutch Land Registry



3|

University of
Twente

Organization

WorksFor

isMarriedWith ~ Type

Owns

Type
Kadaster e

House
https://
bag.basisregistraties.overhe
id.nl/bag/id/verblijfsobject/
0301010000013709

isPartOf Founding Father

Involvedin

Platform Linked
Data Nederland

kadaster




Content

= Context — Linked Data (@NL) — Kadaster

=  Why Linked Data @ Kadaster

®  The road we took & lessons

® Phase 1 — Kadaster Data Platform
" Lessons & Renewed Focus

" Phase 2 — The Kadaster Knowledge Graph




Edabl AcceSSIble nteroperable Reusable
JORLE: T K What is Linked Data? W3 dhibalizilist

Linked Data: A way of publishing data (reusable, web standards, semantics, related to open and big data). Data is
stored as triples (RDF standard) and can be (federated) queried with SPARQL.

Hype Cycle for Emerging Technologies, 2018

“To Graph or Not to Graph? That Is Not the Question — You Will Graph”
Mark Beyer, Distinguished VP Analyst, 14 december 2020
https://www.gartner.com/doc/reprints?id=1-250E2EC1&ct=210112

gartner.com/SmarterWithGartner
et Gartner


https://www.gartner.com/doc/reprints?id=1-250E2EC1&ct=210112

Linked Data in the Netherlands

® Platform Linked Data the Netherlands (PLDN)

¢ Billion Triples Cases

6l kadaster
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Innovatie door betekenisvol verbinden

Platform Linked

Data Nederiand Home SPARQLEndpoint OSM Dataset PLDN Website

OpenStreetMap (OSM) Dataset

L‘ = De OpenStreetMap dataset is een publicatie van de Linked Data versie van de welbekende geospatiale datasets van OpenSireetMap.

De beschikbaarstelling van deze dataset is een samenwerkingsverband tussen de volgende drie partijen:

Platform Linked Data Nederland (PLDN)
CGl Infra and asset management lab
Triply

OpenStreetMap (OSM)

OpenStreetMap (OSM) is een project dat als doel heeft om vrij beschikbare en bewerkbare geografische gegevens te verzamelen, zodat
daaruit landkaarten en andere diensten kunnen gemaakt worden. Eenieder die zich inschrijft, kan eraan meewerken. Het invoeren en
aanpassen van de geografische data steunt volledig op vrijwilligers. Het is mede opgericht uit onvrede met de hoge kosten die commerciéle
kaartbedrijven vragen voor hun producten. Reeds meer dan 20 miljoen kilometer wegen, fiets- en voetpaden werden in kaart gebracht door
middel van het overnemen van gegevens van luchtfoto's en zelf op pad te gaan met een GPS-apparaat. In juni 2020 waren elke dag
gemiddeld zo'n 6300 vrijwilligers actief aan het bijdragen.

Bron: OSM Wiki
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% Playalod - PLDN
< C & github.com/pldn/LDWizard

i=  README.md

LD Wizard: Create Linked Data in One Spell

LD Wizard is a framewerk for creating end-user focused Graphical User Interfaces (GUIs) that
simplify the creation and publication of linked data.

1. LD Wizard Project

So far, the following LDWizard variants have been cenfigured from the LDWizard Core:

Cultural Heritage Wizard
A specific configuration of the LD Wizard by the Dutch Digital Heritage Network.

UM - Humanities and Social Sciences
A specific configuration of the LD Wizard by the University of Maastricht for transforming tabular data in the
humanities and the social sciences.

UM - BioLink
A specific configuration of the LD Wizard by the University of Maastricht for transforming BioLink tables.

GeoData Wizard
A specific application of the LD Wizard configured for linking Dutch geo data to the BAG and BRT.

Clariah Wizard
A specific application of the LD Wizard configured for use in the Clariah research infrastructure for the

humanities.

2. LD Wizard Documentation

The LD Wizard project uses the following guidance documents for the LD Wizard development community activities:

CODE_OF_CONDUCT
Describes our preferred interaction behavior.

CONFIGURING

Describes how to configure a new LD Wizard variant.

CONTRIBUTING
Describes how to develop local LD Wizard code.

BOUNTY_PROGRAM
Describes how erganizations can place bounties and how developers can solve bounties and also gives an
overview of the current bounty issues.

GOVERNANCE

Describes our lightweight governance structure incl. the gatekeeper role.

3. Attribution

LD Wizard is an initiative of the following organizations and people:

* Dutch Digital Heritage Network (NDE), Enno Meijers & Ivo Zandhuis.
o The Netherlands® Cadastre, Land Registry and Mapping Agency (Kadaster), Erwin Folmer.
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The Billion Triples Cases
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Do you know Kadaster?
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KeY Reyiciers watiunal facilities Other Tasks
Key Register Key Register Addresses & Buildings (BAG) KLIC (Dutch Cable and
| CadastRediBRKdion System Pipeline Information
& Registrations spread across government organizations. Centre)

a?{aster source holder of: Key Register Large-Scale Topography (BG |)

Tob 0 5% ﬁﬁ@s(tBrRGrebdastre (BRK)

& Key Register Topography (BRT)

Schematic view
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Energy Labels

Act on the Recognisability of Public Law National Triangulation
Restrictions and Real Estate (WKPB) Network




&« c & pdoknl

& pdok

Het platform voor

hoogwaardige geodata

Bekijk alle datasets Ontdek de PDOK Viewer Ontdek de Vectortile Viewer

Bij PDOK vind je open datasets van de overheid met actuele gec-informatie. Deze
datasets zijn benaderbaar via geo webservices en beschikbaar als downloads,
Daarnaast vind je hier inspirerende cases over de mogelijkheden van deze geo
datasets. Meer info over PDOK [].

87.000.000

datacalls per dag

Waarom PDOK?

1 Kwaliteit Hoogwaardige geodata

PDOK levert hoae kwaliteit (standaard 1S0O 25010) PDOK biedt hooawaardige en actuele open geodatasets

Bekijk de PDOK promofilm

239

hoogwaardige datasets

Webservices / API's

De geodata is benaderbaar via standaard OGC-en W3C




ause/\ « =
Key figures 2022

465.800 494.500 91.100

Deeds of transfer Deeds of mortgage Survey entries

29.1 billion 1.2 billion 1.008.000

PDOK views BGT views KLIC notifications

26.4 milllion

Information Products

3.5 blllion

BAG inquiries



Summary

Kadaster = data

21| kadaster
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Kadaster Data Platform

The development of the Spatial
Data Platform of the Future

Why?



kadastel

vision
Kadaster

Making reliable data accessible to everyone. Through a single digital gateway.
That is our job, by connecting and providing certainty.

When data from different sources is combined, valuable insight is generated
offering solutions for challenges in society. Our contribution to

a sustainable and livable society. In the Netherlands and abroad.

mission, vision and ambitions

O

e [insert your footnote here]




Kadaster’s Ambitions

Providing certainty of ownership Offering a platform for anyone to Supporting society in using spatial
and use of anything above and handle spatial information information to solve issues that
below the surface anywhere and anytime matter

24 | kadaster







What is the problem with copying?

26 | kadaster




Not only intrinsic quality

*The leaflet (metadata) is essential

sSemantics
=Provenance

*Transparancy is key!

27 |



From data silo’s to connected information

closed

29 |



)

e
&
v

o e

GEONOVUM

B

Spatial data: to the web

®
OGC Reaching more people with spatial data

Open Geospatial Consortium, Inc. Geospatial domain ? 7 ,)
A Rest of the world
FS
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What is the problem?
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Analytics Friendly

(Self Service GIS)

e Citizen (non GIS professional)
e Data at the Source — Data Ecosystem

e Semantics (Transparancy,
Reproducability)

e The Web (only a browser)
e Map integration — GIS functionality
e (integration with more advanced tools)
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7. Community and support J
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https://doi.org/10.1109/ACCESS.2020.2984691

kadaster

Kadaster Data Platform

The development of the Spatial
Data Platform of the Future

Phase 1 - KDP



Demo

A dataset as linked data:
https://data.labs.kadaster.nl

37| kadaster



https://data.labs.kadaster.nl/

Envin} - O
. £y q Z ¢ \ < ] i c § \ < | < < < i (=
. Prc x Da X PD x B yar x .f\ Ba: X { (G Ify x . Lin x . em Te: x ¥ Mc x 4 A Ba: x | A\ Ba x A\ Ba: x _I\ Ba: x @D ify x

& C' & Secure https://www.edparsons.com/2017/09/cant-link-exist/ w 8 o %
5 Apps W Bookmarks & Google INSPIRE NGR WERK 2 INSPIRE Spatial Data [ |E] GRID Demo - Google [ 3D Rotterdam BAG [ Rotterdam 3D VR de » Other bookmat

My Blog Events & Press

Rather than publishing online a database of railway station locations in v

the Netherlands and expecting a user to then query the database for
“Amsterdam Centraal Station”, publish the database giving each
record a URI so for example Amsterdam Centraal Station becomes;

O B Sep 12, 2017

Ed Parsons Retweeted

. . N . . . " Sam Zipper
https://brt.basisregistraties.overheid.nl/top10nl/id/gebouw/10262520 @ZipperSam

9— Google Earth Engine + @NASA_Landsat = annual 30 m

resolution #irrigation maps!

Now this is something | can paste into an email, tweet or even share on
Cool new study by @JilDeines:

|
Facebook! onlinelibrary.wiley.com/doi/10.1002/20...
Kudos to the Dutch Kadaster for taking this approach and providing Annual irrigation dynamics in t...
this example, Ordnance Survey you could do the same ? Sustainable management of

agricultural water resources
onlinelibrary.wiley.com

This approach also results in such data becoming part of the
“mainstream” web indexable and searchable, but | argue the key
benefit is the “linkability”

QG
v

Sep 11, 2017

Embed View on Twitter
The Spatial Data on the Web best practice document, something of
course | recommend you taking a longer look at provides many




Lessons learned

It can be much less work than expected, but in the end it is not.

Projects are interfered with other issues:

®  Improvements in data models (the “ultimate” model)
® Data quality issues (completeness, metadata, etc)
My advise: Keep it simple

® Sparql queries complex
) .
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Dutch Humour: System of Silos

Basisregistratie Basisregistratie BLAU Basisregistratie Kadaster
Voertuigen Inkomen

Basisregistratie
Topografie

Loan
Uitkering
= e
Basisregistratie
Basisregistratie Grootschalige Topografie
Woz Grootschali
—— ==
WOZwazrde
Lunumm@
Basisregistratie
Ondergrond

Ondergrond 65

Baslsregistratie Personen Handelsregister Basisregistraties Adressen en Gebouwen

Nist natuuriijk
perscon

Nietingezetene Ingezetene

Natuuriije [P

Legenda
Baslsregistratie niet gereed Verbinding niet gereed

I Basisregistratie gereed _’ Verbinding gereed
(@ BRbevatgeometrie BRbevat nog geen geometrie




Conclusion (~2019):

We created the ability...
...but have no links...still data silo’s.




Kadaster Knowledge Graph

kadaster Focus on Integrating Data for

Analysis (the Unknown Question)

Phase 2
Experiments 2020-2021
Production & Usability 2022-2023



Can you imagine?

e That in 2023 we still offer data silo’'s?

e That citizens can only ask through Wikipedia or Google questions
like; what are the churches built before 19007 And based on
authentic government data no direct answer is possible?

2

Wij vinden dat geo-informatie voor iedereen toegankelijk moet zijn. We bouwen ons platform verder

Geo-informatie voor iedereen

What is our ambition?

uit met mogelijkheden voor analyse van data. Daarnaast gaan we datasets onderling koppelen. Voor
de ontwikkeling ervan gebruiken we concrete vraagstukken van gebruikers.



kadastel

vision
Kadaster

Making reliable data accessible to everyone. Through a single digital gateway.

That is our job, by connecting and providing certainty.

When data from different sources is combined, valuable/insight is generated
offering solutions for challenges in society. Our contribution to

a sustainable and livable society. In the Netherlands and abroad.

mission, vision and ambitions

O

e [insert your footnote here]
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Applications

API's

s s

asssaas

The Architecture
for the KKG

r Knowledge Graph Architecture

Knowledge Graph

Applications (Internal/External)

'\

API Adminisirator

ssssmssssassmsaans

Business-driven
Data Steward

Domain-driven
Data Steward

Database

Manager

; — Kadaster
Google Self-Service GIS Application Funda Viewers/Browsers
i i i 4 End User
SPARGL Elastic Search REST GraphQL
¥ Developer/Data
Scientist
Linked Data Generic Data Model + MetaData
| | Data Enrichment/Aggregation Steps |
I T T b
LD Specific Data LD Specific Data LD Specific Data
Model + Metadata Model + Metadata Model + Metadata
Y A A 4 Knowledge
| 1 Pariner

SPARQL
or LDF
\"‘-—\_.—-‘J

| Semantic Schema and Metadata |




Kadaster Knowledge Graph

https://data.kkg.kadaster.nl

Kadaster g &
Knowledge .



https://data.kkg.kadaster.nl/

Lessons Learned

® It works for integrated data analysis and it is being used
®  Promoting the KKG (not datasets as LD)

® One KKG for World Peace? Or Many?
® Complexity for users
® Complexity for tools
® Maintenance

®  Make it easier!




Kadaster Knowledge Graph

kadaster Latest Developments on Usability
Inspiration

Easy/less SPARQL



API | GET: https://api.labs.kadaster.nl/queries/dst/ar-demo-data-voor-plaats/run? [0

Variables (%)

e popu EiE) query L5

1+ PREFIX xsd: <htip://www.w3.org/2881/XMLSchemass
2 | PREFIX dct: <http://purl.org/dc/terms/>

PREFIX sdo: <https://schema.crg/>

PREFIX bri_def: <http://brt.basisregistraties.overheid.nl/def/to

w

Adres

5 PREFIX kad: <https://data.kkg.kadaster.nl/kad/mode]/def/> t?z':.a:_u
& | PREFIX : <http://www.opengis.net/ont/geospargl#s

7 | PREFIX : ¢http://schema.org/> #error in CBS data ﬂ woonfunctie
2 PREFIX : «<https://data.kkg.kadaster.nl/sor/model/def/>

9 | PREFIX <http://wuw.w3.org/2e84,/02/skos/ coress

18 | prefix t chttp: / fwew.w2 . org/2ees/timess 9 Bouwjaar:

11 | PREFIX whbk: <https://data.labs.kadaster.nl/cbs/wbk/vocab/>

12 | PREFIX rdf: <http://www.w2.org/1999/82/22 rdf-syntax-ns#:

13 | PREFIX rdfs: <http://www.w2.org/2800/81/rdf-schemas>

14 - SELECT DISTINCT ?gebocuwNaam ?buurtNaam ?buurtID ?gemeentenaam ?g)
bowwjaar ?gebruiksdoel ?basisschoclAfstand ?treinstationafstand

15 bind{iri(concat{'https://data.kkg.kadaster.nl/id/verblijfsobje)

3 ?vbo

17

18 1 ?gebruiksdeoel;
19 maaktDeeluitvan ?gebouw;

1] dadres ?nummeraanduiding;

=

oppervlakte ?vloeroppervlaktes .
Ygebouw
a sor:Gebouw;

PR op oM om
&}

bW

Afstand
treinstation

https://labs.kadaster.nl/cases/ar-applicatie

Feature 3:
Building Information

Selected building identifier and building
part identifier is used as input, all
attribute information for both objects are
returned in the Ul

Includes:
* Building year
* Floorsize
» Parcel size
*  Municipality name
* Neighbourhood name
*  Number of schools within a 3km radius
+ Distance to the nearest trainstation

ITUKALEIDOSCOPE

ACCRA2022




Kadaster Query Builder

A https//hetkadast: X | A Kadaster Labs X | A Kadasterlabs X | A Kadasterlabs X | @ LokiV3-Kadaste' X @Y Querybuilder X A Kadaster Labs % | A Datascienceaktet: X | [ Playground - htte X | +

2 % | »0@

<« C @ labskadaster.nl/demonstrators/querybuilder/indexhtm!

QUERYBUILDER KKG-LIGHT

example 1 - Querying https://apilabs.kade

gebruiksdoel gebruiksdoel ¥ ® G

Q)
[ cebouw bouwjaar ™) bouwjaar ¥ ®

@ Gebouw Ligtin Gemeente W ®

s e SP. ditor | [ Share | B» njson | 8

EBTable W Chart @ Geo MMPivot = Response EBTable 202 resultsin 0.23 seconds Normal Grouped Heatmap Slayers £ @

Hedel i
I

>

Geffen

1
'l
"

Heeseind

Kruissiraat =
o Nuland

-~

=
Engelen Sprokkelbosch—
-

Rosmalen

56 |



https://labs.kadaster.nl/demonstrators/querybuilder/index.html

But, what if SPARQL is not needed?

% Ployele X | 4 Camvc % | 8 Lupss X | 8 Pltior X | @ Hocksl X | A Kador X | A Kesses X | B 4)Pe X | A i X | @) Semon X | A bmps X | A hpm/ X | A Kedwt X A Kedw x4

€ c (o EEsEn

Kadaster Labs

De technologische antwikkelingen gaan razendsnel, om deze reden is het voor het Kadaster van enorm belang om zelfstandig maar ook met publieke en
private partners de nieuwste technologieen te beproeven, zodat het Kadaster mogelijke oplossingen kan verkennen voor onze ruimtelijke uitdagingen. Het
Kadaster heeft verschillende data teams (Data Science Team, het Emerging Technology Center en het Gea Expertise Center) die een cruciale rol spelen bij deze
ontwikkeling en werken samen met partners aan innovatie vraagstukken. De innovatie teams dragen de resultaten van een initiatief over aan de reguliere
arganisatie, zodat Kadaster of één van de (keten)partners deze waar mogelijk kan operationaliseren. Deze Labs website gebruiken wij om de resultaten van de

verschillende initiatieven te delen

Thema’s
9 Chat met Loki

Innovatie Knowledge Graph Data Analyse
. ‘ - Ehekenhuis?
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https://labs.kadaster.nl/

kadaste/ 09:10

Components

1) Tokenizer translates text to a list of numbers

2) Training on non-annotated big-data: denoising
3) Finetuning: predict a query from a conversation
4) Presenting the answer to the user

Original text

Thank you fef inviting me to your party Jasf week.

Inputs

Thank you <X> me to your party <Y> week.

Targets
<X> for inviting <Y=> last <7>

T5's mask language modeling (Raffel et al., 2019)




Current Work

Research

¢  Combination of tools;

starting with loki, then edit the query in advanced tooling. Drop a query in Loki.
® KG model for learning queries to Al.
® Advanced Graph access management

Ongoing
® Adding experimental data to KKG (e.g. number of floors)

® Adding links to other worlds (Knowledge Graphs)
® Governance of linking
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