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Mental model

Knowledge Graph

*
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Ontology Dictionary

[1] https://www.ontotext.com/knowledgehub/fundamentals/what-is-a-knowledge-graph/
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Example scenario

How do we turn this into a

Knowledge Graph? )

Membrane #5:

Alice % ~

SEM Leo 1550 VP ;

T -

FAIR Data 7

Alice performed an SEM measurement of the PTFE Membrane #5.
>

She prepared the sample by applying a coating of 500 nm thickness.
Membrane #5 % She then used the SEM Leo 1550 VP to perform an imaging analysis

and determined a mean pore diameter of 20 nm of the sample.
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Formalize all information into a Knowledge Graph

Choose words
from Dictionary
_* Invent names

* Build sentences\

 Choose classes and properties
from Ontology

 [nvent identifiers (IRIs?)

* Build RDF triples3

[2] https://datatracker.ietf.org/doc/html/rfc3987
[3] https://mww.w3.org/TR/rdf11-concepts/
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Knowledge Graph

obo:RO_0004017

data:experiment138 realizable has basis in

polymat:Experiment

data:experiment30

prov:used polymat:Experiment

data:ptfeMembrane5 prov:used

A

y

data:analy” ' lePreparation100

polymat:Ima We have constructed a nat:Coating

B R |
0bo:RO_0C Knowledge Graph! 200000057

has partic, participant

obo:RO_0000053 ' :
__:thickness

has characteristic
polymat:MeanPoreDiameter om:Thickness

__:meanPoreDiameter
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Alice performed an SEM
measurement of the PTFE
Membrane #5.

She prepared the sample by
applying a coating of 500 nm
thickness.

She then used the SEM Leo
1550 VP to perform an imaging
analysis

and determined a mean pore
diameter of 20 nm of the
sample.

Legend

Instance

Class

Property R
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Knowledge Graph
RDF Turtle#

[4] https:/lwww.w3.0org/TR/turtle/

data:experiment138

j *sem_experiment_data.ttl - Notepad —

File Edit Format View Help

data:experiment138 a polymat:Experiment ;
prov:used data:ptfeMembrane5 ;

Publish file to Gitlab/Zenodol...
Including Ontology files

data:analysis30

polymat:Imaging FA I R

obo:RO_00000" \/
has participant

obo:RO_0000053

_:meanPoreDiameter has characteristic

polymat:MeanPoreDiameter

6 From Ontologies to Knowledge Graphs with the ELN Herbie

0bo:RO_0004017 data:experiment30 ; # "realizable has basis in"
prov:used data:analysis30 .

data:experiment30 a polymat:experimentl138 ;
prov:used data:samplePreparation100 ;
prov:used data:ptfeMembrane5 .

data:samplePreparation100 a polymat:Coating ;
obo:RO_0000057 _:thickness . # "has participant"

_:thickness a om:Thickness ;
om:hasValue [
om:hasNumericalValue 500 ;
om:hasUnit om:nanometre ] .

data:analysis30 a polymat:ImagingSEM ;
obo:RO_0000057 _:meanPoreDiameter . # "has participant"

_:meanPoreDiameter a polymat:MeanPoreDiameter ;
om:hasValue [
om:hasNumericalValue 20 ;
om:hasUnit om:nanometre ] .

data:ptfeMembrane5

obo:RO_0000053 :thickness ; # "has characteristic"
obo:RO_0000053 :meanPoreDiameter . # "has characteristic"

Ln 37, Col 1 100%  Windows (CRLF) UTF-8




7

Pros

e Structured knowledge
 No extratools required
« Very flexible

cons

« Text editor

* Very flexible

 No validation
 FAIRNness not guaranteed
« Complicated

 Tedious

* Repetitive

Can we do better?
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Knowledge Graph

data:experiment138

polymat:Experiment

prov:.used

data:ptfeMembraneb

data:analysis30

polymat:ImagingSEM

0bo:RO_0000057
has participant

obo:RO_0004017
realizable has basis in

data:experiment30

polymat:Experiment

prov:.used

data:samplePreparation100

polymat:Coating

obo:RO_0000057
has participant

_ P Di t obo:RO_0000053 thick
_.meanroreblameter has characteristic __.INICKNESS

polymat:MeanPoreDiameter
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om:Thickness
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Knowledge Graph

data:ptfeMembraneb

__:meanPoreDiameter
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We only want to enter
these 3 values,
everything else should

be implicit!
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Create a SHACL® shape...

[5] https:/imwww.w3.org/TR/shacl/

data:experiment138

polymat:Experiment

prov:.used

data:ptfeMembraneb

data:analysis30

polymat:ImagingSEM

0bo:RO_0000057
has participant

obo:RO_0004017
realizable has basis in

data:experiment30

polymat:Experiment

prov:.used

data:samplePreparation100

polymat:Coating

obo:RO_0000057
has participant

_ P Di t obo:RO_0000053 thick
_.meanroreblameter has characteristic __.INICKNESS

polymat:MeanPoreDiameter

10 From Ontologies to Knowledge Graphs with the ELN Herbie
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Create a SHACL® shape...

SEM measurement experiment 6

e

nestedExperiment

membrane

samplePreparation

11 From Ontologies to Knowledge Graphs with the ELN Herbie

thickness

Fill-in-the
-blanks text

fixed

will be generated

must be entered

) i Helmholtz-Zentrum
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... and Herbie provides an interface for data input

RDF Triple Store / K herbie
Graph Database Electronic )

‘ SEM measurement
http:/localhost:8000/api/triples/4cb273b7-39b7-41e5-8a26-4eb089467667/

Laboratory
Notebook

Draft Show other vers ions N

Created 4 minutes ago and updated 4 minutes ago by Bob Builder
Conforms to http:/localhost:8000/api/triples/dad65837-e079-4c8b-8e0b-d984ae6f635a/versions/4/

Datasheet Statements Turtle

SEM measurement experiment

nested Experlment

-

samplePreparaﬂon

Product

a

membrane ‘ Thickness

Mean pore diameter

Under the hood Herbie generates the
“D— full Knowledge Graph

12 From Ontologies to Knowledge Graphs with the ELN Herbie @ hereon

meanPoreDiameter




What does Herbie provide?

« Easy data entry

* Flexible interface

* Reusability

« Customizability

« Validation
 Guaranteed FAIRNness
« \ersioning

Planned
« Access right management
 Advanced search and filter

13 From Ontologies to Knowledge Graphs with the ELN Herbie
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Summary

Storing data in a Knowledge Graph helps to make it FAIR

Manual approach:
very tedious
prone to error
not reliably FAIR

Using SHACL & Herbie:

Structural work only required once
Data entry fast & easy
Offers a lot of other benefits

\\'\J'}\ Helmholtz-Zentrum
\ hereon
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Want to learn more?

Find Herbie at
codebase.helmholtz.cloud/hereon-mb/herbie
and reach out to us!

Fabian Kirchner fabian.kirchner@hereon.de
Catriona Eschke catriona.eschke@hereon.de
Hereon, Institute of Metallic Biomaterials

Martin Held martin.held@hereon.de
Hereon, Institute of Membrane Research

Helmholtz-Zentrum

hereon


https://codebase.helmholtz.cloud/hereon-mb/herbie
https://codebase.helmholtz.cloud/hereon-mb/herbie
https://codebase.helmholtz.cloud/hereon-mb/herbie
https://codebase.helmholtz.cloud/hereon-mb/herbie
https://codebase.helmholtz.cloud/hereon-mb/herbie
mailto:fabian.kirchner@hereon.de
mailto:catriona.eschke@hereon.de
mailto:martin.held@hereon.de

Choose classes and properties

Alice performed an SEM measurement of the PTFE Membrane #5.
She prepared the sample by applying a coating of 500 nm thickness.
She then used the SEM Leo 1550 VP to perform an imaging analysis

: : and determined a mean pore diameter of 20 nm of the sample.
polymat:Experiment

polymat:Coating polymat:SamplePreparation q polymat:Method polymat:Procedure
polymat:imagingSEM polymat:MembraneMorphology polymat:Analysis

om:Thickness ’ Legend Property
Is subclass of
=

polymat:MeanPoreDiameter Parent Class

_ d obo:RO_0000053 obo:RO_0000057 obo:RO 00040170
prov:-use has characteristic has participant realizable has basis in
16 From Ontologies to Knowledge Graphs with the ELN Herbie éllr:rébtnm
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Upload a SHACL Shape to Herbie
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Upload a SHACL Shape to Herbie

2 Document
£  Import graph

Q
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Upload a SHACL Shape to Herbie

Import graph

File

sem_experiment_shacl_shape.ttl

File format

O] Turtle
O N-Triples

O JSON-LD

Import

Cancel

&
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Upload a SHACL Shape to Herbie

= The vocabulary for adding a SEM measurement
http://localhost:8000/api/triples/69e25917-6f1a-482b-9a49-d7d65a2f537c/

[ Create SEM measurement J

Draft Show other versions M

Created half a minute ago and updated half a minute ago by Alice Wonderland

Statements

Classes (1)

SEM measurement

Delete draft Everything is saved @

Helmholtz-Zentrum
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Upload a SHACL Shape to Herbie

=] The vocabulary for adding a SEM measurement
http://localhost:8000/api/triples/69e25917-6f1a-482b-9a49-d7d65a2f537c/

[ Create SEM measurement J

Current version
Created at 11/8/2023, 1:12:59 PM « Published at 11/8/2023, 1:20:47 PM « Alice Wonderland

Ci Upload new version )
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Upload a SHACL Shape to Herbie

-+

2

.

o The vocabulary for adding a SEM measurement
Published half a minute ago by Alice Wonderland

[ Create SEM measurement J

| €=
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Create data from a SHACL Shape

e N
o The vocabulary for adding a SEM measurement
Published half a minute ago by Alice Wonderland

| €=

ot [ Create SEM measurement J

- =
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Create data from a SHACL Shape

— ( o The vocabulary for adding a SEM measurement
Published less than 10 seconds ago by Alice Wonderland

# Document P ont

| €=

2  Import graph

)
)
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Create data from a SHACL Shape

Create document

Create a new document by selecting a class.

Filter

Multi-select combobox example
http://localhost:8000/api/ont/example/input-dropdown-multiselect/1.0.0/#Root

Grid example
http://localhost:8000/api/ont/example/grid/1.0.0/#Root

Extrusion
http://localhost:8000/api/ont/mb/extrusion/1.0.0/#Extrusion

Read-only/generated/persisted field example
http://localhost:8000/api/ont/example/readonly-generated-persisted/1.0.0/#Root

File upload field example
http://localhost:8000/api/ont/example/file-upload/1.0.0/#Root

Single-select combobox example

Helmholtz-Zentrum
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Create data from a SHACL Shape

Create document

Create a new document by selecting a class.

Filter
|’ sem measure

SEM measurement
https://w3id.org/polymat/SemExperiment

&
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Create data from a SHACL Shape

O SEM measurement
http://localhost:8000/api/triples/5ab629e8-65f7-4df2-88a7-3d561c5b3a8d/

Show other versions

Draft

Created less than 10 seconds ago and updated less than 5 seconds ago by Alice Wonderland
Conforms to http://localhost:8000/api/triples/69e25917-6f1a-482b-9a49-d7d65a2f537c/versions/1/

Datasheet Statements

Product

Thickness

nm

Maan nnra diamatar

Delete draft Everything is saved @
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Create data from a SHACL Shape

‘ SEM measurement
http://localhost:8000/api/triples/5ab629e8-65f7-4df2-88a7-3d561c5b3a8d/

Draft Show other versions M

Created one minute ago and updated one minute ago by Alice Wonderland
Conforms to http://localhost:8000/api/triples/69e25917-6f1a-482b-9a49-d7d65a2f537c/versions/1/

Datasheet Statements

— Product
PTFE Membrane 5

— Thickness

3141

— Mean pore diameter

2.718 nm

Delete draft Everything is saved @
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Create data from a SHACL Shape

O SEM measurement
http://localhost:8000/api/triples/5ab629e8-65f7-4df2-88a7-3d561c5b3a8d/

Current version Show other versions M

Created 2 minutes ago and published less than 10 seconds ago by Alice Wonderland
Conforms to http://localhost:8000/api/triples/69e25917-6f1a-482b-9a49-d7d65a2f537c/versions/1/

Datasheet Statements Turtle

Product Thickness Mean pore diameter

PTFE Membrane 5 3.141 nm 2.718 nm

Ci Upload new version )
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Create data from a SHACL Shape

— 7z N
- o The vocabulary for adding a SEM measurement 3
Published 4 minutes ago by Alice Wonderland -
+ [ Create SEM measurement ]
7
& N
e SEM measurement 3
Published less than 10 seconds ago by Alice Wonderland -
A N 7
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>
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- The for adding a SEM

Published half a minute ago by Alice Wondariand

I3

= { @ The vocabulary fo
Published less

r adding a SEM measurement
10 seconds ago by Alice Wonderland

.

- SEM measurement

3
X

Draft ‘Show other versions
Oatasheet Turtle

[ Product ]

l Thickness m I

[ Maan nare dismatar

@ -

[l

Everything is saved @

pt

§ SEM measurement

Draft

I«
X

‘Show other versions

[PTFE Membrane 5

o

( 3141

=]

[ 278

@ -

[

Everything is saved @

ol

Import graph

e
sem_exper-iment_shacl_shape. ttl

File format
®  Turtle
O N-Triples

JSON-LD

Create document

Create a new document by selecting a class.

Filter

Multi-select combobox example

Grid example

Extrusion

Read-only/generated/persisted field example

File upload field example

Single-select combobox example

@ The vocabulary for adding a SEM measurement

Draft
Created half a minute 3o and updated half a minute ago by Alice Wondertand

Classes (1)

SEM measurement

I
X

‘Show other versions 1

Everything is saved @

Create document

Create a new document by selecting a class.

Filter
(s

SEM measurement

M re
 SEM measurement

Current version

‘Show other versions 1

Created 2 mir than
GErasy

Oatasheet Statements Turtle:
Product Thickness Mean pore diameter
PTFE Membrane 5 3.141 om 2.718 nm

hitps: fwaid ong/polymat/SemExpeciment
= - e for adding a SEM .
Published 4 minutes ago by Alice Wonderland =
i
—

@ SEM measurement .
& Published lesz than 10 seconds ago by Alice Wonderland -

o
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