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The Working Group “Knowledge Graphs” (KGs) in NFDI F d o Nationle
Section “(Meta)data, Terminologies, Provenance” "]

Infrastruktur

Motivation: |

e Promoting the use of knowledge graphs by consortia, nfdi b
Institutions and researchers;

e Improving FAIRness of NFDI and especially
interoperability with national and international
research data infrastructures;

e Contributing to development of KG tools and services.

Numbers

e 96 subscribers to the mailing list

e 56 members representing 22 consortia: the charter
https://doi.org/10.5281/zenod0.7515324

e 3 coordinators: Renat Shigapov (BERD@NFDI), Lozana
Rossenova (NFDI4Culture) & Moritz Schubotz (MaRDI)

(Meta)data,
Terminology,
Provenance

Working Group Charter
Knowledge Graphs




Why KGs and why KGI?

Why KGs are an important technology for building an
interoperability framework and enabling data
exchange, as understood by our WG:

e KG is a graph-structured knowledge base
containing a terminology (vocabulary or ontology)
and data entities interrelated via the terminology;

e KGs are based on semantic web technologies
(RDF, SPARQL, etc.) and often used for agile data
Integration;

e KGs are already widely used by research data
producers and managers in Germany (see poster);

e Wikidata as special connector linking between
expert knowledge systems and world knowledge.

e Nationale
q Forschungsdaten
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Invited talks:
PID Graph & GraphQL - Markus Stocker
GESIS Search & KGI - Benjamin Zapilko
and Stefan Dietze
Piveau & Data Europa - Sonja Schimmler

& Bianca Wentzel

NFDI4DS Search at Uni Hamburg -

R. Usbeck, T. Taffa and A. Kraft
OpenAIRE Research Graph - Andreas
Czerniak
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"N FDI4DataSC|ence (KGs & KG Software)
* NFDI4Energy (KG)
 NFDI4Ing (KG Software)
« NFDI-MatWerk (KGs & KG Software)
« NFDIXCS

Natural sciences

« DAPHNE4NFDI

- FAIRmat
 NFDI4Cat (KG)

» MaRDI (KGs)

» NFDI4Chem (KGs)
 NFDI4Earth (KG)
« PUNCH4NFDI



Why KGs and why KGI?

NFDI needs to be interoperable internally and
across national and international research data
infrastructures (as the section WGs testify):

Individual solutions may be required to meet
domain-specific requirements;

NFDI needs an interoperable network of
metadata knowledge graphs (RDF, SPARQL);
Consortia, institutions and researchers need
an easy-to-use, scalable and interoperable
KGl-as-a-Service.

e Nationale
f] Forschungsdaten
° Infrastruktur

disciplinary
data repos

institutional
data repos

e " ® = = @

KG| 4 *REST API

* OAI-PMH

NFDI . .sparaL

Ly

general-purpose
data repos

all repositories at
https://www.re3data.orq




KGl-as-a-Service proposal

Other NFDI Base Services

Terminology
IAM services PID services Seriiies DMP services HaDES
""""""""""""""""""""""""""""""""""""""""""""""""""""""""" [Ap.
KGI 4 NFDI

@E

e \'V\;IKIB? @ Wikiea ;
“ i ;
L : P

: Codemeta / CFF
"1 service --| import/export service

Wikibase-Wikidata entity
---1 roundtripping service

conforming
repositories*

5897 OAI “

...............................................................

Search

PID Graph S?DataClte QQSIS

* Source: https:/fwww.openarchives.org/Register/BrowseSites

GOpenAIREE

WIKIDATA

{3 ORKG :a gy
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..an ecosystem of software, including tools
for data import, validation and export,
collaborative frontends, search APIs and
SPARQL endpoints with result
visualization, Extract-Transform-Load and
data linking software...
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Original proposal to Base4NFDI o F d o Nationale

Proposal submitted on 15.02.2023:

e Combining the ease-of-use of software like Wikidata with research-backed data;

e Allowing NFDI stakeholders to create KGs without administrative overhead;

e Developing an interoperability framework for connecting KGs with research infrastructures;
e And establishing a KGl-consultancy to increase adoption of the KGl-service.

Pilot phase based on one specific tool suite as a ‘minimum viable product’ (Wikibase):
e Landscape analysis (learning the needs of consortia and researchers; overview papers);
e Deployment scalability (Kubernetes cluster);
e Interoperability pipelines (OAI-PMH & Codemeta / CFF import/export to SPARQL);
e Consultancy (help with creating knowledge graphs).
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Choice of pilot software suite and use cases o F d o Nationale

Wikibase and Wikidata adoption:

e Wikidata KG, already used by various consortia and participating institutions — both as a repository
to upload data to, and a rich resource on the linked open data (LOD) cloud to federate with;

e Growing adoption of Wikibase and the popularity of Wikidata as proof-of-concept;

e Mix of human- and machine-readable interfaces can lower the barrier to participation.

Use cases:

e MaRDI and BERD4NFDI are using Wikibase instances as central portals for all research data;
e NFDI4Culture offer Wikibase instances to annotate digitized cultural objects with structured data;

e NFDI4Memory includes FactGrid, Wikibase instance hosted at the University of Erfurt, as central
repository for data about historical persons and events.


https://www.uni-erfurt.de/universitaetsrechen-und-medienzentrum

WIKIDATA

Main page
Community portal
Project chat
Create a new ltem
Recent changes
Random ltem
Query Service
Nearby

Help

Donate

Lexicographical data

Create a new Lexeme
Recent changes
Random Lexeme

Tools

What links here
Related changes
Special pages
Permanent link
Page information
Cite this page
Concept URI

EntitySchema  Discussion

Accepted NFDI consortium (326

Read View history

Search Wikidata

language
code

label description

aliases

Accepted NFDI consortium
accepted

A proposed NFDI consortium, which is NFDI

consortium

Zaakceptowane konsorcjum
NFDI

konsorcjum
NFDI

PREFIX wd: <http://www.wikidata.org/entity/>
PREFIX wdt:
<http://www.wikidata.org/prop/direct/>
PREFIX xsd: <http://www.w3.org/2001/XMLSchema#>
# Query:
# SELECT ?i WHERE { ?i wdt:P31 wd:098270496 .
start = @<accepted-nfdi-consortium>
<accepted-nfdi-consortium> {
wdt:P31 [wd:098270496 # instance of accepted
NFDI consortium
wd:096678469 # intance of
disciplinary research data infrastructure
wd:01298668 # instance of research
project
1 {3} ; # exactly three
wdt:P279 [wd:043229] ; # default exactly one
subclass of organization
wdt:P361 [wd:061658497] ; # default exactly
one part of National Research Data
Infrastructure
wdt:P571 xsd:dateTime ; # default exactly
one date of inception
wdt:P101 IRI + ; # one or more fields of
works

check entities against this Schema 2 | g*edit
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In anderen Sprachen
#'Links hinzufiigen

mardi4nfdi.de

Hauptseite = Diskussion Lesen Quelltext anzeigen Versionsgeschichte Weitere

MaRDI Portal is a FAIR [Z gateway to find and access mathematical research data

Welcome to the MaRDI (2 Portal of the NFDI[Z. This page is still in an early stage of development.

Search

You can query the mathematical research data knowledge graph here: Search (early beta!)

e Currently supported data sources: DLMF (2, CRAN 2, swMATH (2 (partially)

Example queries Under development

e DLMF formulae ¢ Upcoming data sources: zbMATH Open (2

« that contain sine and tangent functions (2 * Upcoming features (MaRDI roadmap [2):

e that depend indirectly on the gamma e Formula search (2
function 2 e ScholiaZ

e swMATH software (2

e Examples through our Scholia extension:

¢ Search for a topic, here: Ricci curvature (2

e Nationale
q ' Forschungsdaten
Infrastruktur

< @ O B httpsy//query.portal.mardidnfdi.de/#PRE

¢"s". MaRDIQueryService = Beispiele Abfragegenerator

1 PREFIX wdt: <https://portal.mardi4nfdi.de/prop/direct/>

2 PREFIX wd: <https://portal.mardi4nfdi.de/entity/>

3 SELECT ?item ?dlmfid ?formula

4 WHERE {?item wdt:P4 wd:Q1750, wd:Q1754 .

5 OPTIONAL{?item wdt:P2 ?dlmfid .}
OPTIONAL{?item wdt:P14 ?formula .}

item dimfid formula

Q <https://portal. mardi4nfdi.de cos z 1
4.14.E7 L
Jentity/Q1799> 2= Sine  tanz
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bs://mbi.kgi.uni-mannheim.de/wiki/Main_Page 1:3333/project?project=1988867990814

ro Manage Wikibase instances

. -
: ; : : ; 0 .
MaSChlnen Bau I ndustrl e © Quelitextanzeigen 4D Versionsgeschichte M) Diskussion ~ Xx : . Click on an item below to select it as the target Wikibase to work against. This will clear any existing schema.
- After switching to the target Wikibase, you should reconcile your data against it before editing the schema.

Aus MBI

T 40 Aktienfiihrer
Overview et bylchoss counis o} Delete
https://akf.kgi.uni-mannheim.de/wiki/

The MaschinenBaulndustrie (MBI) Knowledge Graph contains structured data from the
book "Die Maschinen-Industrie im Deutschen Reich" (2 written by Herbert Patschan in 1937.
The book was scanned, OCR-ed, structured and semantified at UB Mannheim (2. The data . r ©. MBI

includes basic data for the German companies from machine industry. Bips- oL KGLAakta BTl darvikl)

Delete

Access to data : : |“ " Wikidata

« The MBI data is accessible by both humans and machines WIKIDATA e A WIS G WKY
« The MBI data is currently not available openly
 List of properties (2
o List of items 3 Wikimedia Commons
* Advanced search for ltems (3 © vgg;,;ggl; https://commons.wikimedia.org/wiki/
« SPARQL endpoint 3
*« APIC
* Exportto CSV (2 Add Wikibase | = Discover Wikibase instances... Cancel | OK
« Every entity can be downloaded in .json, .rdf, .ttl, .nt and .jsonld formats. An example for
Daimler-Benz A.-G. (2: https://mbi.kgi.uni-mannheim.de/entity/Q707.json (3, https://mbi.kgi.uni-mannheim.de/entity/Q707.rdf (2,
https://mbi.kgi.uni-mannheim.de/entity/Q707.ttl (2, https://mbi.kgi.uni-mannheim.de/entity/Q707.nt (2 and https://mbi.kgi.uni-

mannheim.de/entity/Q707.jsonld (2.

Data model

* Properties
> Properties with capitalized labels (2 are initial properties having datatypes "string" and used to model raw extracted data.
> Properties with non-capitalized labels (Z are properties having various datatypes (e.g., “item", "time") and used to model
"semantified data".
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O 8 https://wikibase.semantic-kompakkt.de/wiki/Main_Page Q, |14| #ouery wikidata

SERVICE wdgs: {

#Find castles with renaissance architectural style
?castle wdt:P31 wd:Q751876.
?castle wdt:P149 wd:0236122.

#Look for those castles in a radius of 100km around our castle

Fd I Hauptseite Diskussion 22 SERVICE wikibase:around {
n 23 ?castle wdt:P625 ?location .
bd:serviceParam wikibase:center ?coordinates .
25 bd:serviceParam wikibase:radius "100" .
E N RI C H M E N T aln age 2 #Get labels from Wikidata

?castle rdfs:label ?castleLabel.
OPTIONAL { ?castle wdt:P18 ?image. }
FILTER( (LANG(?castleLabel)) = "de")

Inhaltsverzeichnis [Verbergen]

Hauptseite 1 Semantic annotation for 3D cultural artefacts
Letzte Anderungen

Hilfe zu MediaWiki

<> Code & Download ~ & Link~
2 About the original case study o ’ U ‘ 3 5/* ] R N B e Gl
C = \ = L7 4 A

Noturpark

Hofbe { 2 / f
GRbersel 7 } Natirgark |

4 ;/ @nken Fhclgebi
m ]
{Rheinfand. .. - 2 PoInt(9.89583 49.4806) A

Wikibase 4 Example item pages for different types of data - iz e /g,";wp% = ARG RS G oo vresnan e TN Aﬁ =% /
K | Soomwald- ‘ S $ aturparl ¢

3 Adding new data in the archive
rankischi
New Item 5 Data model reference . o ’ o] Bo 1
. ! % rier- \ 1 =) ¢ e ; . - % J } sonds \an:url;:a:»;
New Property 6 Some example data queries 2 F i) { - G,%;?fégg@ e e
2 Ufpali = ¢ Z " lenwaldy = g
List Properties 6.1 Federated Queries < el S :

J < A )
i H o 1 =\, Bi idelBe h r' \ /‘ aturpag!
Query Service 7 Indexes for quick reference ; T R S P rrankeatine it

Vosges

Werkzeuge

PR e e Semantic annotation for 3D cultural artefacts

Anderungen an
verlinkten Seiten A suite of tools for semantic annotation of 3D cultural artefacts is being dev
Spezialseiten

Druckversion

the Open Science lab at TIB, Hannover&). Operating within Task area 1: D

. within a knowledge graph environment, so that 3D objects’ geometry, attent
Permanenter Link

R not lost. The project builds on several existing FOSS tools:

* OpenRefine®, a data cleaning, reconciliation and batch upload tool;
In anderen Sprachen
* Wikibase (the tool behind the interface you are viewing now), a suite ¢




O 8 https;//database factgrid.de/wiki/Main_Page

Welcome!

on the FactGrid database, a project of the Gotha Research Centre operated by
the data lab of the University of Erfurt. With the support of Wikimedia Germany
we are using a MediaWiki with Wikidata's “wikibase” extension. Our main
product are data which we collect on “items” such as these:

* Adam Weishaupt
o Paris

You will need to be logged in to see the “add statement” link with which you
can add information in the form of triple based machine readable claims —
which everyone can now explore with the SPARQL data mining language, at
our Query Service [Z. All FactGrid data are CCO-licensed. You can download
any search in various data formats with the aim to explore FactGrid data in
other software environments or visualise searches with various tools on our
site.

Visit our

¢ FactGrid FAQ[Z for more information on why you might love to use
FactGrid as your research platform

e Nationale
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O B https;//database factgrid.de/query/#%23defaultView%3ATimeline%0ASELECT %3FEreig

12. Februar 1784
L Adolph Freiherr Knigge zu Gast bei Christoph Bode, Arbeit an der gemeinsamen Erklarung, Weimar, 1784-02-12

11. Februar 1784
olph Freiherr Knigge zu Gast bei Christoph Bode's, Gesprache tber Freimaurerei und llluminaten, Weimar, 1784-02-11

16. Juli 1782
Q Wilhelmsbader Konvent, 15. Juli bis 1. Sept. 1782

1. Mai 1776
Q Grundung des Perfectibilisten-Ordens (1778 in llluminatenorden umbenannt)

13. Februar 1784
Freiherr Knigge zu Gast bei Christoph Bode, Gedanken tber einen Nachfolger der Strikten Observanz, Weimar, 1784-02-13

13. Februar 1784
Q Knigae und Bode Abends zu Gast bei Goethe. Uber den Ursprung des llluminatenordens. Weimar 1784-02-13
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Beyond initialisation phase o Nationale
nfdi

Infrastruktur

Development and operation phases:

Extending the KGI service to non-Wikibase KGs;

Growing adoption & support for computational methods (e.g. NLP or ML models) enabled by such
an infrastructure;

Gathering use cases of the KGI service from consortia, institutions and researchers;
Demonstrating national and international interoperability of NFDI.

i | OAI-PMH import/export Codemeta / CFF Wikibase-Wikidata entity :
" service - import/export service <-| roundtripping SErvice | :

14



Outcome and feedback on the proposal

Unsuccessful as basic services, suggested changes:

e [nclude use cases from more consortia;

e Better explain how the different software
solutions already in place can be integrated;

e Gather support from more consortia at voting
stage (especially important for later funding
phases);

e Nationale
q Forschungsdaten
° Infrastruktur

Lessons learned.:

Natural and life sciences have other data
workflows, not accounted for in case
studies we considered for pilot phase.
Ontology and terminology service

1.

questions need to be solved
Independently from concrete KG
Infrastructure solutions.
Service-orientation of Base4NFDI doesn't
provision for implementation of one
specific open source solution.

15



Outlook and next steps

Reformulating the base service proposal as a dedicated
DFG proposal focused on further development of Wikibase
suite, matching the research and expertise of the
co-applicants;

Focus WG activities around more cooperation with other
WGs and the Sections in order to work jointly on issues
with the application of KGs independent of specific
software solutions (e.g. ontologies and ontology alignment,

terminology services, etc.).

e Nationale
q Forschungsdaten
° Infrastruktur

More at:

https://doi.orq/10.5281/zen
0do.7515324

https://doi.org/10.5281/zen
0do0.8337431

Join us!

https://lists.nfdi.de/postori

us/lists/section-metadata-
wg-kg.lists.nfdi.de
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