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Metadata for Research Data Management

Intro

Research data is of inestimable value (%)
« Empowers research
» Create innovation

Current situation in Germany ()
» Data is stored decentraly

New research bases on existing research data () * Stored temporarily
. Transparent } R bl * Non-standardised
«  Reproducible eusabie metadata

« Varied quality

Nationale Forschungsdateninfrastruktur (NFDI) establishes an F d petion o ] . o . o a
infrastructure for high qualitative RDM to foster research reusability a | st FDI4ing

(*) https://www.dfg.de/en/research_funding/programmes/nfdi/index.html
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Metadata for Research Data Management

Current situation

Commonalities between metadata in databases and in the library context, like
« Structural: Structure, organizational aspects (e.g. relation: scientific publication and supplementary data)
» Descriptive: Creator, and keywords, ...
« Contextual Information: Rights management, language, descriptions, ...

Used in databases to: organize, integrate, govern, analyse, ...

What about reproducibility? Contextual-metadata, can carry reproducibility relevant information

* ... requires unambiguous, community specific terminologies and expressive formalisms
« Content indexing. E.g. micro- and macronutrients [*]
« Soil scientists: nitrogen, phosphorus, potassium, calcium, magnesium and sulphur
» Nutritionists: carbohydrates, protein and fat
+  Workflow descriptions: wet lab experiment, data-driven, input, output, configuration ...

[*] Jordan, 1., Heil, E., & Keding, G. (2021). Coming to terms with terminology in agriculture-nutrition research projects: an interactive glossary. Erndhrungsumschau, 68(10), 198-203.
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Metadata for Research Data Management

Current situation

Trust
Proof
* More expressive options Logic
+ Thesaurus: semantically grouped terms framework

«  Writing and editing: get synonyms, antonyms, ...
«  Semantic text analysis: word definitions, ... Rules
« Knowledge Organisation and classification: classification of documents, ...

Encryption

@
-
=
]
@
=
=/
N

Ontology
« Ontology: formal representation of knowledge

«  Formalisation of knowledge: description of processes, ... RDF Schema
«  Semantic Interoperability: shared and machine processable information, ...
’ RDF M&S

Semantic Web Stack.
Taken from: https://www.w3.0rg/2004/Talks/0611-sb-wsswintro/slide18-0.html

»  Decision support: inferencing, ...
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Metadata for Research Data Management

Challenges with Ontologies

Domain specific (Engineering, Culture, Chemistry, ...) and community specific

Evolving continuously and dynamically over time

Must be accepted, developed and maintained by a designated community (avoid isolated solution!). Includes i.e.
« promotion (make community aware of its existence)
 aligned with further metadata initiatives (moving away from silos)
» applicable in RDM (in RDM practice)

NFDI4Ing supports terminology development and use through introduction of engineering specific Terminology Services
for Ontologies
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Terminology Service

* In general: Our Terminology Service is a web based platform that support take-up and standardisation of
Ontologies

« Utilised as a

 Developer (e.g. Back-End Services): Data- and Knowledge Management tasks. |.e.
«  Content indexation with controlled vocabularies
«  Search: Query reformulation, term suggestion, ...

« Knowledge Engineers. |.e.
«  Bundles ontologies of a domain
« Provides meta data and statistics
«  Search for and within ontologies
« Makes alignments visible

« Authors as dissemination point, fosters awareness and alignment
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leDMIn
ermmology
Service

Terminology Service

\

\ /

\ \ /|

HELP DOCUMENTATIEN US‘AGE ABOU'i
N \

- NFDI4Ing TS: https://terminology.nfdi4ing.de/ts/

Search for ontology, term, properties and individuals
Examplés electnc vehlﬁ: e,agent e a

- Some statistics
- 93 ontologies
- ~160.000 Terms
- ~12.000 properties

Where is the Service in use?

Who uses the Service?

What is this service for?

. -
¢ FunCtlonal serVIce Offer NFDI4Ing Terminology Service is a repository for In principle everyone that works with a need for the Termclick: Termclick is a browser extension that
. ontologies in the broad engineering domain. It aims use of unambiguous language. Like organisations allows you to highlight text within a web page and
d Free teXt SearCh SearChIng to serve as a central access point to the latest and institutions or in science and research. The look up its meaning in the NFDI4Ing Terminology
N N . ontology versions. Most of the ontologies in our NFDI4Ing
(for- and Wlthln OntOIOgleS) service are managed In various Git repositories everyone m 5 e

such as GitLab or GitHub. Only a few of them are machine-ig

° BrOWSing and Filtering (by Various metadata) sill managedoni\f-hostedwebservers Documen
« Visualisation

‘ou are viewing this page as a member

Provide Nev

L[] Issue traCker We welcome all contact and feedback. You can simply send us an email o : p—— —
. . . . M Page SFG}}:neo ogy
« Machine to machine communication  ——————— "

(REST mterfaces) NFDI4Ing Terminology Service 2

QOur goal is to provide an open service for community-driven development, alignment and standardisation
of termmologles

m Stay up to date with our LinkedIn page! oot
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Terminology Service

Browse Ontologies

Results Per Page | 10 ~

m All Core Ontology

An import of all the Common Core mid-level ontologies into a single file so that
content 1s easy to view. The All Core Ontology i1s not an ontology in the sense it
contains no unique content. As such it should not be added to, but can be
extended from.

w Atomistic

An EMMO-based domain ontology for atomistic and electronic modelling. Atomistic
Is released under the Creative Commons Attribution 4.0 International license (CC
BY 4.0)

w Base Ontology

This file contains the Base Ontology of oneM2M as specified in TS-0012

@ Basic Formal Ontology

The upper level ontology upon which OBO Foundry ontologies are built.

1415 Classes

338 Properties

Loaded: 2023-07-05

531 Classes

84 Properties

Loaded: 2023-08-23

23 Classes

42 Properties

Loaded: 2023-07-05

35 Classes

24 Properties

u|ED|4|n

ermmo
Service

B agent

logy

HOME ONTOLOGIES HELP

Esgaanlés: electric, veh‘cle,agenl

Filter Results
Clear All Filters

Type
class

property

individual

Ontologies

TEMA
cco
SEPIO
OEO
DICL

+ Show More

o086

0o0000

554 results found for "agent”

[property] agent agent
http://www.w3.org/ns/prov#agent

Ontology: |7
Also in: @ m

[class] Agent [agent
http://purl.org/dc/terms/Agent

Aresource that acts or has the power to act

Ontology: EEELS
asoin: (D @D @

[class] Agent Agent
http://xmins.com/foaf/0.1/Agent

Ontology:

Also in: @ @ EXTRUONT [l S4EHAW ﬂ MODSCI @

4 7N\ \
DOCUMENTATION USAGE ABOUT \SANDBOX

Results Per Page
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u|ED|4|ng%ﬂ
erminology
Service

0 swagger

TIB Termlnology Service Documentation ®

HOME ONTOLOGIES HELP DOCUMENTATION

TIB Terminology Service AP| Reference for Developers

Terms of service

imprint
Search in prov

Ea‘gar'nplés: élqctrit_: v'ehﬂcle,agen(

. - api-unavailable ApiUnavailable >
The PROV Ontology
http://www.w3.org/ns/prov-o# data-preparation-contrm ler The Properties, Terms and Individuals in a particular context such as an ontology or a classification >
A
- . hello-controller Helle Controller >
Overview Class Tree Property Tree Individuals Class List
— individual-controller The Individuals resources are used to list ontology individuals (instances) without a reference ontology >
Jump to: =
Detail Graph View .
ontology-config-controller ontology config Controller >
- Label Activit
Activity
|.B Agent Synonyms NA  ontology-controller The ontologies resources are used to st ontologies in this service >
-8 Enfiy GURIE wal
. Influence
‘ M InstantanecusEvent Term ID Activity
... Location —
.. Role Description An activity is something that occurs over a period of time and acts upon or with entities; it
may include consuming, processing, transforming, modifying, relocating, using, or
generating entities.
fulliRl http://www.w3.org/ns/prov#Activity copy
subClass Of « Thing
category starting-point
component entities-activities
constraints http:/fwww.w3.org/TR/2013/REC-prov-constraints-20130430/#prov-dm-constraints-fig
dm http:/fwww. w3.0rg/TR/2013/REC-prov-dm-20130430/#term-Activity
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Overcome Data Silos with Ontologies

.
DM applications based on de facto standard ontologies r r " \
J‘./ v,

Simple Experiment: Semantification of Space Data — A feasibility Study
+  Wikidata ontology: https://www.wikidata.org/wiki/Wikidata:WikiProject _Ontology
 SpaCy pre-trained NER and Linking model

spaCy |l

WIKIDATA
« Data: Planetary Data System 4 is a long term archive for data products
from NASA's planetary missions
 Approach: Create Knowledge Graph and apply federated SPARQL query
«  Apply existing SpaCy model: entity extraction and linking (Wikidata) ?“ery Rc‘::;’;:l Concepts
= . " . erm
* Federation: PDS4 Knowledge Graph - Wikidata Planet 20 Mars (14), Planet (5),
Jupiter (1), Pluto (1), Neptune (1)
Solar System 20 same as Planet’
 Manually evaluated Superior Planet 20 same as 'Planet’
Vehicle 15 Spacecraft (15)
Vehicle* 20 Spacecraft (15), Lander (5)

Planetary Probe 5 Lander (5)

2023 ACM/IEEE Joint Conference on Digital Libraries (JCDL)
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Overcome Data Silos with Ontologies

DM applications based on de facto standard ontologies

astrophysics
data system

Follow-up experiment: Train supervised ML model to label text with Ontology terms

De facto standard: Unified Astronomy Thesaurus (UAT)

> 2000 concepts
Polyhierarchy

11 UAT Top concepts as Entity Types

Text categorisation

Named Entity Recognition of UAT top concepts (11)
Train empty SpaCy NER model

First results

Standard configuration

Precision: 80.86, Recall: 85.06 , F1: 82.65
Good, but needs improvement (distortion through “Others”)

Kindly received training data from NASA astrophysics data system (ads)

spaCy

Astrophysical processes
Cosmology

Exoplanet astronomy
Galactic and extragalactic astronomy
High energy astrophysics
nterdisciplinary astronomy
nterstellar medium
Observational astronomy
Solar physics

Solar system astronomy
Stellar astronormy

Other

Total

WIKIDATA

66.08 75.35 70.41

67.91 62.24 65.06

55.00 64.65 59.44

65.45 57.86 6142

71.97 71.92 71.95

62.98 §3.84 71.92

69.83 76.06 7281
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Overcome Data Silos with Ontologies

DM applications based on de facto standard ontologies
Annotation Service

The tool is intended to demonstrate the annotation of texts by reusing ontological resources in a prototypical way at first.

Status: We currently offer the annotation tool to support classification tasks by releasing entity recognition using the eleven

° Positive example: parent terms of the Unified Astronomy Thesaurus (UAT) ontology.
Future Work: The tool will be extended successively with further functionalities. Among other things, this concerns the
Thel’mally Created Scalar and performance, the removal of the restriction to recognise only the 11 parent UAT terms, but also the transfer to other ontologies.
vector Higgs portal dark matter ~ Enter Text

Thermally created scalar and vector Higgs portal dark matter masses are constrained and al this containes
some of the example like the Solar flares is this working.

masses are constrained and al
this containes some of the example
like the Solar flares is this working.

| dark matter masses are constrained and al thiz containes some

Example Text: Thermaily created

e exampe B
« Negative examples: -
she recalled the thrill of exploring
the abandoned Mars factory Thermally created scalar and vector Higgs portal dark matter masses are  UAT Terms
with her friends constrained and al this containes some of the example like the Solar flares is Galactic and extragalactic

this working. astronomy
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Overcome Data Silos with Ontologies 4

DM applications based on de facto standard ontologies Te 'mi nOlogy
Service
-
 Challenge: find words on the tip of the tongue Q\
» Fear of spiders - Arachnophobia :

» Integrated Circuits - Wafer or Chipset

» Hypothesis: Domain ontologies encode commonly accepted terminology for unambiguous information exchange, useful
to train a Reverse Dictionary

/ Dictionary vs. Reverse Dictionary

Look up words alphabetically to find their definitions

Start with a concept or an idea and try to find the word that best represents it
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Overcome Data Silos with Ontologies EDI4INGL
. = | NI'ermmology

HOME ONTOLOGIES HELP DOCUME/NTATIO,IN USAGE ' e rVI C e

Reverse Dictionary Q\"

Welcome to the Reverse Dictionary tool! Simply type a word, phrase, or sentence into the search bar below.
Press Enter to fetch similar words/phrases. Click on any word displayed below to explore further options. Press Esc to clear the search bar.
The reverse dictionary model is based on textual components of the IEEE Thesaurus and all ontologies of the NFDI4Ing Terminology Services.
The content obtained from these sources has not been changed, only pre-processed

water droplets suspended in the air n

(® Word2Vec (O Universal Sentence Encoder

--_---------- Earth System Sciences

stratiform pressure ambient_aerosol brought evaporation condenses ambient warming

cloud_base rainout reversible equivalent take formations partial unaltered stream parcel matter

precipitating floodplain fly composed showout vertical pulverized widespread taken condensation transition Query' Water dr Op I etS Susp en ded n
the air

phases particulate condensed_water ascend fraction transpiration intermediate atmosphere circulated pool dry

contact suffciently gas solids mode sinking sum influx dried_aerosol strike dissolving aspects

formation surface formed sublimation rotating absence released destroyed sky extraction layer

representation including total mole runoff detritus molecules fallen lagoon highest before_present

transferred density aerosols carrier




LEIBNIZ INFORMATION CENTRE
TI B FOR SCIENCE AND TECHNOLOGY
F. Engel, Terminologies in Database Systems, Friihjahrstreffen 2024 der Fachgruppe Datenbanken, Beyond silos: Next steps in research data management UNIVERSITY LIBRARY

Overcome Data Silos with Ontologies

Pros and Cons

* Pros

* Means to standardize: overcome language barriers
* Model very complex interdependencies (reproducibility)
* Very active field research area

« Cons
« Availability is depending on domain
* Hard to understand as domain expert
 Still not enough tooling available
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THANKS

@ Creative Commons Namensnennung 3.0 Deutschland
B http://creativecommons.org/licenses/by/3.0/de
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