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What is an ontology?

= An ontology is a
formal, explicit specification of a shared conceptualization.*

\ \ \

Machine Concepts, properties, A consensus An abstract model of
readable relations, functions, rather than some phenomenon
constraints, axioms an individual in the world that we
are explicitly defined. view. want to represent.

*Guarino, Nicola, Daniel Oberle and Steffen Staab. “What Is an Ontology?” Handbook on Ontologies (2009).

Slide adapted from presentation of D. Linke: ,Ontology development in Catalysis: Status of NFDI4Cat-TA1", A.S.Behr, D.Linke, M.Dorr, N.Kockmann, held on 55. Jahrestreffen Deutscher Katalytiker, 27.06.2022
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Ontologies — A Simple Example

= Ontologies consist of
* Classes (to express concepts)
* Relations between classes
* Individuals representing real existing elements

« General Rules, like
“All catalytic reactions need one or more catalyst"

= |nformation is stored as triplets
iIn OWL-file (RDF+XML)

researches on Field of research

Subject Predicate Object
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Ontologies — A Simple Example
= Ontologies consist of
* Classes (to express concepts)
-« Relations between classes Catalyst ; Catalytic
* Individuals representing real existing elements reaction

* General Rules, like
“All catalytic reactions need one or more catalyst"
= Information is stored as triplets iron catalyst
in OWL-file (RDF+XML)

researches on Field of research

. . . Reaction i
Subject Predicate Object reai?gr'i'ﬂEA

Haber Bosch
reaction
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Ontologies — A Simple Example
= Ontologies consist of
* Classes (to express concepts)
« Relations between classes Catalyst ; e
* Individuals representing real existing elements reaction

« General Rules, like
“All catalytic reactions need one or more catalyst"

= Information is stored as triplets iron catalyst S
IN OWL'ﬂIe (RDF+XM L) reaction
Subject Predicate Object reii";‘gfi';;QA

= Reasoning enhances data

» Inference can yield: “The reaction in reactor X148A is a Haber-Bosch reaction,
which in turn is a catalytic reaction and uses iron catalyst as catalyst.”
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Ontologies — How can we use them?

= Interconnect (meta) data

» Aim: Machine- and human-readable
(meta) data

Main advantages:

o—

» Enhance findability of available data by classification + relations
» Provide better interoperability of data
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Ontologies — How can we use them?

= Interconnect (meta) data

» Aim: Machine- and human-readable
(meta) data

Main advantages: y—
» Enhance findability of available data by classification + relations
» Provide better interoperability of data

» Unified data formats through ontologies and standardized metadata schemes
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Motivation

= Unified data formats through
ontologies and standardized
metadata schemes

» Work smart, not hard

» Are there reusable
ontologies?
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Motivation

= Unified data formats through

Situation to be avoided:

ontologies and standardized i A e R R e excy 1]
metadata schemes M7 RIDICULOUS!
WE NEED To DEVELORP
SITUATION: || SEUVERAL SRR || SrrUATION:
» Work smart, not hard THEREARE || USE CASES. ey THERE. ARE
4 COMPETING \ O ) 15 COMPETING
» Are there reusable STANDPRDS. STANDPRDS.
ontologies? }\\
[1] R. Munroe, xkcd, https://xkcd.com/927
D CJ Dopzyimentof Biochermical - pjexander s. Behr | Prague 20.09.2022 /) sauipmen 10




Ontology Collection

One Ontology to Rule Them All?
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Map of Ontologies and Semantic Artifacts >

= Interdisciplinary =
field of catalysis B weemen
o Theory Process Design
research
= Strong connection " e

Catalysis Data

to other research
domains

Shared Vocabularies
Structured Data
Persistent Identifiers
FAIR Data

Quality Assurance
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Map of Ontologies and Semantic Artifacts T mocessmtnion
@ Multiscale Modelling -

= Interdisciplinary
field of catalysis BT o echomsmith:
research heen _‘“

= Strong connection A

Catalysis Data
g oo

Synthesis Operando

OntoCAPE

Process Design
7 | oexe |
q

53

1SO 15926

[

Shared Vocabularies
Structured Data

Persistent Identifiers
FAIR Data
Quality Assurance

(® nfdi4cat.org/ontology-collection
[1] Horsch, M. et al. (2022). Interoperability and Architecture Requirements Analysis and Metadata Standardization for a Research Data Infrastructure in Catalysis. Communications in Computer and
Information Science (CCIS), vol 1620. Springer, Cham. https://doi.org/10.1007/978-3-031-12285-9 10
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Map of Ontologies and Semantic Artifacts

Some “ontologies” existing,
but semantics not sufficient
to describe catalysis research

OFE=a0

. :"n'... =
St
Eie

(® nfdi4cat.org/ontology-collection
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Ontology Extension

Domain Description by
Concept Collection
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OntOIOQIeS, Where to Start? strong semantics

Intermediate deliverable in data format
SKOS = Simple Knowledge Organization System

description logic
OowL

Ontology

formal instance-of, properties,
cardinalities
UML, RDFS, OWL

Conceptual Models

semantic formal is-a, subclass-of
interoperability Taxonomy RDg'?geralization hierarchy
structural and syntactic Th esaurus ‘has narrower/broader meaning than’, synonyms,

association relations

interoperability SKOS

Informal Hierarchy
(weak Taxonomy)

informal parent-child (directories, table of contents, XML ...)
XML

List glossary, dictionary
controlled vocabulary, set of terms, catalog ID
weak semantics
[1] Goldbeck, Gerhard & Simperler, Alexandra (2018). https://doi.org/10.5281/zenodo.1240229 (CC-By 4.0)
n
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Ontology Extension by Thesauri (SKOS)

v’ Existing ontologies gathered

Existing Ontolggres ] v" Clustered by topics of catalysis research

* Concept collection using Excel templates

Shared vocabularies ] * Workflow for automating SKOS file
generation

» Ontologies for catalysis research

Extended Ontologies ] » Extended by concepts of community

v Department of Biochemical /‘-) equipment ‘ 17
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Concepts / Taxonomy Collection

= Gather concepts important to different domains in catalysis
- Ease contrlbutlon by domaln experts by using spreadsheets

Sl
S— e =
LX ICAI" TVAT iS CATERONIZEd N B DrMilive process A wurﬁ'ﬂekwr\mfmmmiuwrﬂ! 0 whole M et rﬂwpﬂmﬁwﬂwﬂ Micale-Leve! Concept C I D t
:
: s o e olumn name escrlp ion
20211118 L] first cremea? e -Gl -Level Concept
w io ified? ot d tavy-mm-aa)
F
7
A
. .
- S

Preferred Label Best name for a concept
Alternate Labels Other names for a
e : ot concept
st Definition The definition of the
concept
Children Subclasses of this concept
R Related Other related concepts,
- e —— . that are not subclasses
n
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Shared Vocabulary: Concept Tables S

Bescegtion

= Convert vocabulary to machine- e

readable SKOS / TTL-files SKOS- Document;:n

|—> >0 (htm)
. - converter. py
» Description of processes [ concepttable A

and data with R R pefinitie e Taxonomy as

bio catalyst preparation, protein

Biologic Catalysis purification, bio catalyst + S KOS/t u rt I e-

S h re d e flle ed y :
z i 8 ned yet"@en ;
n:
The Catalyst Preparationis a cultivation, induction, cell Lol rbance"@en .
. . rocess that is intended to harvesting, cell disruption, gel ¥
- Bio Catalyst Preparation P N " N 8 N P g. & cs:adsorption a skos cept ;
VO C a u a rI e S synthesize a catalyst from | filtration, protein concentration, S Iy e P )

several components. transformation
| p——
Expression Strain . X < ename
. Strain preparation
preparation o
expression host, organism, De n d r‘og r‘a m careacion_spe
Expression host microorganism, bacteria, + ety i Ol 6 s, o
yeast
cxsipoing procedre
— ot
[ere——
[1] M. Menke, A. S. Behr, K. Rosenthal, D. Linke, N. Kockmann, U. Bornscheuer, M. Dorr. Development of an ontology for biocatalysis, Chemie Ingenieur Technik, -

s nctr_sssar

[In Production], doi: 10.1002/cite.202200066, (2022)
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How to Address “Shared” Aspect / Collaboration?

= Needs

Enable contributions from the community

Liberal license (ideally CCO, no copyright to ensure usage!)

Track discussions and resolutions about the conceptualization & terminologies
Enable versioning and provenance tracking

Keep effort for contributors and maintainers low

Publish updated vocabulary quickly after accepted changes

= Open-source development has already solved this challenge!

» Adapt modern open-source contribution workflow to NFDI4Cat

v Department of Biochemical /) equipment ‘ 20
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Vocabulary Contribution Workflow

Review Review updated Auto-commit
CI results CI results - adds SKOS/turtle-file
Artifacts archive \ Commit \ - removes xisx ;eg_r review
created by CI \ more iscussion Build &
=] changes -— CI pipeline publish
. Approval
Autg]stalzted CI pipeline :’r':(r;?“t by editor vocabulary
- ec L]
- Convert to SKOS / /
- Validate (SHACL)
- Create html docs ﬂ

8\/
Create a \ —
merge request with

new/updated xIsx \I‘l w - 3*0

iterative improvement

"main” branch

Cl = continuous integration

Slide adapted from presentation of D. Linke: ,Ontology development in Catalysis: Status of NFDI4Cat-TA1", A.S.Behr, D.Linke, M.D6rr, N.Kockmann, held on 55. Jahrestreffen Deutscher Katalytiker, 27.06.2022
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Create a Merge Request

= Submit change requests as Excel (or SKOS/turtle if an expert)
= Vocabulary processing pipeline will be started upon submission

ab fokus fraunhofer.de/nfdidc ® R =

¥ GitLab

@ Project informatien New photocatalysis example vocabulary e | I

Assignee Edi
) B Reposito v $30pe" David Linke requested to merge {ssue3-deno (3 into main just now @ i e
Find out 0 e B s coms Gt
1 0 Revi s Edi A\Y = n”
more o ' artifacts™:
. jtial upload of Excel vocabulary without IRls. .
D ot - « 4 * Files created by

(%) Detached merge request pi

/ the pipeline

6 Packages & Reqistries

@ inastructure > View exposed anifac Koo . |Og
& Monitor
Time tracking ®@
1 Analytics 8> SRR Arproval is optional No estimate or time spent
X Snippets
@ settings Lock merge request Edit
@ Merge  Merge blocked: pipeline must succeed. Push a commit that fixes the failure, or lear about other solutions. Unlocked
David Linke @davidlinke assigned to @david.inke just now 1 participant

Slide adapted from presentation of D. Linke: ,Ontology development in Catalysis: Status of NFDI4Cat-TA1", A.S.Behr, D.Linke, M.D6rr, N.Kockmann, held on 55. Jahrestreffen Deutscher Katalytiker, 27.06.2022
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Excel file from
artifacts zip-archive

Understandmg and lemg a Pipeline Failure

Saved updatec

Running check of Concepts shee 0 = ox/Photocata IKAT template®d3.xlsx

ERROR: Same Conce ConceptIRI Preferred Label Definition
ERROR: Same Conce

LR ex:photo/gas- Gas A separation technique in which the mobile phase is a gas.
UV HERISNeNI chromatography chromatography Gas chromatography is always carried out in a column.
ERROR: Same Conce

Saved file with hRSONIOYICrN Gas An analytic technique in which the mobile phase is a gas.
SITIERTNEE  hromatography chromatography Gas chromatography is always carried out in a column.
; i 7 i 2@ ] <y

Slide adapted from presentation of D. Linke: ,Ontology development in Catalysis: Status of NFDI4Cat-TA1", A.S.Behr, D.Linke, M.D6rr, N.Kockmann, held on 55. Jahrestreffen Deutscher Katalytiker, 27.06.2022
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Understandlng and lemg a Pipeline Failure . ¢ com

artifacts zip-archive

Running check of Concepts she or file o ox/Photocatalsis LIKAT temolate®43.xlsx

ERROR: Same Conce Concept IRI Preferred Label Definition
ERROR: Sa
ST e ex:photo/gas- Gas Alseparation te}chnique in which the mobile phase is a gas.
SUCELENENEY chromatography chromatography as chromatography is always carried out in a column.

ERROR: Same Conce

PP IL IO ox:photo/gas- Gas Al‘l analytic tedhnique in which the mobile phase is a gas.
SITIERTNEE  hromatography chromatography Gas chromatography is always carried out in a column.
; i 2@ ] <y

= Here, validation failed because the same concept has been
defined more than once

» Remove the respective rows and push the updated Excel file

Slide adapted from presentation of D. Linke: ,Ontology development in Catalysis: Status of NFDI4Cat-TA1", A.S.Behr, D.Linke, M.D6rr, N.Kockmann, held on 55. Jahrestreffen Deutscher Katalytiker, 27.06.2022
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Merge Request View for the Changes Made

= Changes are very easy to review for malntalners. .

» GitLab = e
H  heterogen-synth (# NFDI4Cat > TAT-ontologies > heterogen-synth > Merge requests » 133
@ Project information Fix provenance of self-defined concepts Edi i
Bl Repository 3% Open  David Linke requested to merge voc-edit-demo [% into main 34 minutes ago
O Issues 9

Ovenview 0 Commits 5 Pipelines 7  Changes 2
3% Merge requests 1

& ci/co Compare main ¥ and latest version v B 2files +107 <107 | & v

@ Security & Compliance o 1
Q Search files (Ctrl+P) v vocabularies/Photocatalysis_LIKAT.t [} +106 -106 [ Viewed  }

5

@ Deployments ~ o

P vocabularies T
B3 Packages & Registries 5

@ Infrastructure L) (A= (TR <I5=050 16 <http://ex g/ nfdisca t/ph oto/area-of- 1 <http://ex: g/ nfdiac t/prmtn/ar'ea of
@ gitiab-ciymi a1 E® dapnsitad—fil > a skos:Concept ; depnsited—ﬁl > a skos:Concept ;
& Monitor v rea-of-deposited- 17 dcte rea-of -deposited-
Film" M xc
ke Analytics 18 | = '+ detel Nikol
\{ Snippets ——
skos:broader <http://example.org 19 skos: <http:/fex; rg
""""""" Infdidrmt Inhotoldimancinne -of-dencd tad- IR At Tt e e e PR et Tl

..and can be dlscussed d|rectly at the merge request usrng all nice
features that gitLab offers

Slide adapted from presentation of D. Linke: ,Ontology development in Catalysis: Status of NFDI4Cat-TA1", A.S.Behr, D.Linke, M.D6rr, N.Kockmann, held on 55. Jahrestreffen Deutscher Katalytiker, 27.06.2022
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Manual Terminology Creation?

There Must be a Better Way!
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From Ontologies to Knowledge Graphs

= First steps taken in ontology
analysis and extension

= TedIOUS WOFk, a |Ot Of Manual input from J
. domain experts
manual input needed =

Ontology analysis

» Need definition of each
concept in order to implement correct semantics

» Can we automate tedious tasks?

v Department of Biochemical /‘.) equipment 27
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Concept Extraction — Should Be Simple?

= Adding terms manually to concept-tables is a lot of work!
» Semi-automated workflow using natural-language processing (NLP) tools

a . ; Taxonomy creation
Start ustering o (hierarchic list)
- Concepts
cientific -
Most fitting — T
ontologies Bitwsa Automated search for
New insights and - Ontolo —— concepts in existing ‘
potentials in Missi X - s gy == ontologies SKOS
advancing s3Ing concepts Querylng — : -
ontologies
Taxonomy with relations derived from
existing ontologies and publications
Identified ontology gaps
n
Department of Biochemical /‘ equipment 28
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Clustering with Word2Vec

- PreproceSSIng Of teXtS Text Word2Vec Arf:lz\lljj:g&
H Extraction »| Preprocessing Training Data
« Data cleaning Storing
» Pythons SpaCy for Tokenizing,
Lemmatizing, POS-Tagging
= Vectorization of words
with Word2Vec
b Ci gﬁg%rﬁemri?ga?fggi%ﬁﬂchal Alexander S. Behr | Prague 29.09.2022 /é) zgg;ggﬂent 29
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Clustering with Word2Vec

8 PreproceSSIng Of teXtS Text » Preprocessing Word2Vec Arf:lz\lljj:ir&
 Data cleaning Extraction Training o
* Pythons SpaCy for Tokenizing,
Lemmatizing, POS-Tagging (Hisrarchical Ciustering )
= Vectorization of words —
with Word2Vec = — Aselomerstive
= Hierarchial clustering - N o F:FL

+ Iterative, agglomeration clustering
» Concepts relevant domain of knowledge

[1] 10.12.2021 https://towardsdatascience.com/hierarchical-clustering-explained-e58d2f936323
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Clustering with Word2Vec

= Storage of hierarchies et N Word2vee Aoy &
In JSON-files database ten e Storing
= Names for unknown nodes .
Vla' hypernym SearCh Wlth ISON-D PR Hypernym Word Pair Database
WO I’d NEt Search Extraction Creation
» Search for concepts in
existing ontologies ool
omparison
b U. gﬁg%rﬁemri?ga?fggﬁgiﬂche‘l Alexander S. Behr | Prague 29.09.2022 /é) Sggggrent 31
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How Did It Perform?
= Dataset: 28 papers on methanation of CO, % (

= Found 4170 different words in dataset which
occurred more than 10 x (nouns only)

Dendrogram for a min_count of 10 (Word has >10 repetitions in dataset)

v Department of Biochemical /‘.) equipment 32
b ' l and Chemical Engineering Alexander S. Behr | Prague 29.09.2022 design



NFDI (at

NFDI for Catalysis-Related Sciences

technische universitat o 3 B ‘
dortmund ) o EE

How Did It Perform?

= Dataset: 28 papers on methanation of CO,

= Found 4170 different words in dataset which
occurred more than 10 x (nouns only)

Dendrogram for a min_count of 10 (Word has >10 repetitions in dataset)

. . as
= Clustering is not that helpful tger?perature
co
due to approach | Comctor
» Only two concepts at a time carb?_n
i ihli reaction
comblngd gs .5|bl.|ngs catalyst
» Semantic similarity detected by methanation
Word2Vec useful only to extend glnggv

Dendrogram for a min_count of 500 (Word has >500 repetitions in dataset)

v Department of Biochemical ,é.) equipment 33
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How Did It Perform?

= Dataset: 28 papers on methanation of CO,

= Found 4170 different words in dataset (nouns only)

= Listed words, which exist more than 10 times in dataset
» Found 535 domain specific words

= Searched for definition of those words in four ontologies / thesauri
(exact matches of class label and word within paper)

» Overall, 63.6 % matches of definitions (340 definitions found)

Ontology NCIT Overall
# of definitions found 21 98 27 311 | 340
% of total words 3.9 18.3 5.0 58.1 I 63.6
v Department of Biochemical equipment 34
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Preliminary Summary
v SpaCy and Word2Vec are helpful [, ol e Lo ou

# of definitions found

tools for automating word extraction lxetealweds | 30 13 50 w1 | e
from text data base

v" Searching for words in ontologies
gives (rough) idea of appropiate

ontology, but no semantics! | —
X Clustering of word pairs does not
help to compile hierarchical lists L —c
b Ci gﬁg%rﬁ;nri?ga?fggﬂ;%ﬂchal Alexander S. Behr | Prague 29.09.2022 /__) zgg;ggﬂent 35



If NLP Could Already Help Us

Can It Help Even More?
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From Ontologies to Knowledge Graphs

= First steps taken in NLP-based
ontology analysis — term extraction
and Scientific

theses,

NLP-supported papers,
term extraction

» Need extended ontologies
for catalysis research!

» Can we use even more NLP?

Ontology analysis

Manual input from
domain experts

v Department of Biochemical ,é) equipment ‘ 37
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Text to Graph with ChEBI!

o ) ) NLP with SpaCy
, The gas-liquid ratio affects the behavior of the packed column, Jentence ¥
removing H,S from biogas at the active surface of the packing material” Preprocessing
2

Filtering of irrelevant and
unprocessable sentences

[1] ChEBI — Chemical Entities of Biological Interest ; dictionary of molecular entities focused on ‘small’ chemical compounds, https://www.ebi.ac.uk/chebi
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Text to Graph with ChEBI!

, The gas-liquid ratio affects the behavior of the packed column,
removi@o

—
E‘. Molar_Mass “ \
- @ 34.08188 g pro_ \1
L% l:l
|
= ,‘u

| S
' e —~
A - | ® sulfaniumyl_gro T T
i e up “'® nydrogen sulfid
@ "dihydridosulf " e
ur.14)" -
~— @ chebi_identifie
r 13358

\ v
/S A

-
o

mol
-
-
—==

~ 0 chebi_identifie
— r 36945

18 P
R -
Gy

* & CHEBI identifie

SN
y,

T S-_r--
@ Chemical_Entity \.\

A - — T
_ Y yd —
*® CHEBI_Chemical_
Entity

m biogas at the active surface of the packing material“

Input:
sentence

NLP with SpaCy
. 2

Preprocessing

L Z

Filtering of irrelevant and
unprocessable sentences

v

Automated intern
alignment with CHEBI!
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Text to Graph with ChEBI!!

o ) ) NLP with SpaCy
, The gas-liquid ratio affects the behavior of the packed column, Jentence ¥

removing H,S from biogas at the active surface of the packing material” Preprocessing
L 2
Filtering of irrelevant and
_a — unprocessable sentences
* @ Molar Mass ™ v
D = N
- h2s \
mol Automated intern
fere | —7 N> A i alignment with CHEBI!
4 Q" Extraction of semantic
v ) / triples
< \_—~ 7 chebi_identifie
/ " | ® chebi_identifie o chebi_identifie '
Lt \ S~ \, s Output: Conversioninto
. L TR RDF file RDF syntax
CHEBI_Chemical_
Entity r
||
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Graph Representation of Sentences

»The gas-liquid ratio affects the behavior of the packed column, Dependent Clause
removing H,S from biogas at the active surface of the packing material”

g "Complex_Seman
tic_Proparty_{v...

E'. packed_column
\ 0 affact |
\
b " @ sahaviour
w

A
@ bahaviour_of_pa
ckad_calumn O “affects:@sub
~ jact=gas_-_liqu...

O "affacts:@sub
e ———— ject=gas_-_liqu...

© gas_-_liquid_ra
tio

= N 1 | 19 s, | |
‘_ -1#) hiaa e "0 gas_-_tiquid
: 11 |
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Graph Representation of Sentences

, The gas-liquid ratio affects the behavior of the packed column,
removing H.,S from biogas at the active surface of the packing material“ i

Independent Clause ' |

ication

_— S cremc o | _ 4'7 [opmee

© “ramoving::@di  _ ————F t=gas_-_liqu...
[ | e —— rect_objact=h2s...
sl Char | | hydrogan_sulfid ‘ . =

// q || uid_ra

— - oahaviou
* @ Samantic_Spacit | — |

P @ active_surfaca_
" fihydridosulf | v of_packing_mate...
+) 7 =

. E‘.hiﬂgas £ — jas_-_liquid
Comn ] /' Fosmamm
I i
ifaniumyl_gra /
ja}

7] B
|
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Graph Representation of Sentences

, The gas-liquid ratio affects the behavior of the packed column,
removing H.,S from biogas at the active surface of the packing material”

CHEBI Alignment

'@ Chemical Formul
a

*® chebi_idantifia
r_43058
\\{k 2
' Formal_Charge e hydugm sulfid _ m _

4]

m “*l “dihydridasulf
y u‘(‘l+l
]
I
E‘. 34,08188_g_pro_ ,_..q}_—~| e 3: aniumyl gro l
mal
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Intermediate Summary

v Pythons NLTK, RDFlib, SpaCy and Word2Vec are helpful tools
for automating word extraction from text data base

v Automatically linking concepts to ontology classes

v" Relations from text can be converted
to RDF graphs "

E‘. packed_column
5

v Department of Biochemical ,é.) equipment 44
b' l and Chemical Engineering Alexander S. Behr | Prague 29.09.2022 design



Okay, Now We Have Some Semantics.

But How Can Ontologies
Help On Research Data?



technische universitat o % 3[z=
dortmund © W ==

NFDI (at

NFDI for Catalysis-Related Sciences

From Ontologies to Knowledge Graphs

NLP-based
— term extraction

Scientific

Ontology analysis

theses, Manual input from

papers, domain experts

books, ...
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From Ontologies to Knowledge Graphs

Meta data and

NLP-based :
N tracti Ontology analysis research data
erm extraction .
PDFs processing
Scientific
theses, Manual input from
papers, domain experts Meta(data)
books, ...
Schemes
(XSD, ...),
meta data files
(XML, ...),
actual data
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Motivation - Data Origin

= Data availability
« Experimental [1.2
« Theoretical 34
« Computational fluid dynamics (CFD)

* Hydrodynamic & reaction in LTF Type-S
microreactor (Little Things Factory, DE)

= CFD-Data

+ Segmentation of domain
« Variety of settings

All work supervised by T. A. Frede, PhD-Student at Laboratory of Equipment Design:
[1] H. Koster, Master Thesis (2021), TU Dortmund

[2] N. Link, Master Thesis (2021), TU Dortmund

[3] M. Dietz, Master Thesis (2021), TU Dortmund

[4] N. Nickbin, Master Thesis (2022), TU Dortmund

top frame - \ Jtransparent cover
~outlet
inlets —__ s

~——glass microreactor
Seebeck

elements (SEs)

base plate (BP)

sealing block. ‘ =

i_ stabilizing
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Motivation - Data Structureaass

= FAIR-Data storage
* Findable
* Accessible
* Interoperable
* Reuseable

= Ontologies
* Knowledge Graph

NFDI for Catalysis-Related Sciences
CFD simulations

Saras -

Class Meander-Element

o Mesh _
Individual resolution Reaction

* Classifier (1]
+ Expandable Data | a No NaOH
Prism Tetrahedron|| Pyramid + HCI
249.540 1.5mio 104
[1] Khaydarov, Valentin (2018) Dissertation. TU Dresden.
v Department of Biochemical /) equipment 49
b l l and Chemical Engineering Alexander S. Behr | Prague 29.09.2022 design



technische universitat o fg T
dortmund o g :

NFDI (at

NFDI for Catalysis-Related Sciences

Onto I O gy CFD-simulations
) S
= RDFE/XML-Language “

isPartOf
researches on Field of research Class
Meander-Element

Subject Predicate Object

isSuperclass | |isSubclass

Meander-Element isPartOf CFD-Simulation

isMeshResolution

MeshResolutionIndividuall | hasPrisms | 104 Individualof

Individual

MeshResolution

» Classes, Individuals, Object-, o
Individuall

Data-, Annotation- properties

= Hierarchical Data hasPrisms 104
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Ontology

= RDF/XML-Language

researches on Field of research Class

Subject Predicate Object

isSuperclass | |isSubclass

isPartOf

Meander-Element isPartOf CFD-Simulation

isMeshResolution

MeshResolutionIndividuall | hasPrisms @ 104

Individual Individualof
> Classes, Individuals, Object-, M?;g_re;o!lltlion
. . inaiviau
Data-, Annotation- properties
= Hierarchical Data hasPrisms 104

= Reasoning / inferring its structure
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PARTITION SMOOTHING:
Maximum Partition Smoothing Sweeps = 100

Process Steps

Partition Weight Factors = 0. ozsaa 0.02500, 0.02500, 0.02500, \
0.02500, 0.02500, 0.02500, 0.02500, 0.02500, 0.02500, 0.02500, \
Ans S Data 0.02500, 0.02500, 0.02500, 0.02500, 0.02500, 0.02500, 0.02500, \
y JSON data 0.02500, 0.02500, 0.02500, 0.02500, 0.02500, 0.02500, 0.02500, \
0.02500
. . . . END
simulation files extraction i oo
I es RUN DEFINITION:
Solver Input File = Fluid Flow CFX.def
Run Mode = Full
Solver Results File = \
/work/smnknikb/TypeMs/TypeMs0 . 02mL/TypeMs0 . 02nL._pending/dp0_CFX_2_Sol\
ution_ 2/Fluid Flow CFX_001.res

=  Summary file as data source e Ansys

MEMORY CONTROL:

« Non-machine readable data R simulation log-

Number of Processes = 40 .
Start Method = Open MPI Local Parallel fl Ie
Parallel Host List = cstd01016%40

« Complex syntax i

END
END

| |
| Profile and Table File Summary |
| |

| Profile Data File:massfracl.csv |
| |
|

» Aim: JSON-Archive o
« Human-readable -

WaterMassFrac

[Spatial Fields]

« Machine-searchable o

[Data]

x[m], y[m], z [m], Water.Mass Fraction

4.48997989e-02, -7.46673439e-03, 2.45798055e-05, 5.67842066e-01
4.48997989e-02, -7.46671436e-03, 2.45971933e-05, 5.67880809e-01
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= CFX Command Language for Run

Data Converter /

1
|
|
|
I
Special Lo
ecia !
Headers Subheaders i R
Segments Segments / |
) ) _ ' . Partitioning :
= Transfer into accessible file : * Initial MemoryAIIocatlon
|
H I o TeXt ux:R\:\n(mnda"' "partitioning run"
= Flexible and automated R T e ! e g e
. ! o Box )
=  Only scripted where needed : e s e
)_CFX_2_Sol\ ution_2/Fluid ¥l : ’;‘etal mamory usage will therefore exceed the values shown above.
|
_ : o Table
» Implemented & running | e, e e e g, e,
i | ')'Mbytes": ["32.05", "386.04", "21.86", "1.37", "20.61"]
Programmed for 128 files i R i '« Mesh Statistics
» Verified on 783 files | — . L
) | e e 109 12 sy s, : | = Solver
» FAIR data conversion o : » Convergence
D : -H |sto ry
):II 1 t vl_ : (m] “v.:' Fractior B . 1 .
e, s erason0secs 1 e e prssion
|
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Ontology

Ansys Data JSON data

simulation files extraction files

= VIMMP

« Domain of simulation

X Reasoner infers as
inconsistent

= EMMO

* Material modelling
» Conceptualized
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Ontology

Ansys Data JSON data

simulation files extraction files

= VIMMP
Class

 Domain of simulation Translator .
hierarchy Ontology

X Reasoner infers as
inconsistent

= Translator
* Nested-to-nested-
= EMMO structure
« Material modelling * Class hierarchy
- Conceptualized * Individual assignment

equipment 55
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Translator

= Hierarchical changes
= Expandable

= Dictionary-to-ontology
» Nested-to-nested

Super-class name Class name in
in Ontology Ontology

CfdSimulations MeanderElement
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Translator Simulation1

= Hierarchical changes

) Expandable MeanderElem4

|

Dictionary-to-ontology
» Nested-to-nested

/Ans

E—P MeanderElem4

(1]
YS I Dictionary Key Super-class name Class name in
e in Ontology Ontology

CfdSimulations

Mesh
Resolution

Resolution

MeanderElement

[1] Ansys CFX R21, ANSYS Inc.
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Segmentation

Process Steps hierarchy list

_ Ansys Data JSON data e Segmentation Segment
simulation files extraction files Generation archive
= KPIs
* Curve to value Class
° Add|ng data to metadata Translator hierarchy Ontology Population
+ Based on Banach-fixed-point-
theorem

=  Segmentation

- Divided into concepts = Population of ontology
+ Comparability * Automated
« Reuses/reduces data * Adaptable
v Department of Biochemical equipment 58
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Inlet_A.json

Domain_02 Boundaries_2.

json

Outlet_2.json

. . WALL.j
SolidDomain Json

/// Domain
4 Settings
Domain_02
— \
Bound3w/ . Inlet_A
CarmSL P
Simulation
y " Outlet_2
¢ Boundaries_2 \

WA4LL

Program
Settings
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Metrics/Program Performance

Performed with 8GB RAM and Intel i5-7200U CPU

= Code stable
Performance for 911 Simulations

 Test set; 128 simulations

Data Extraction 69.23 s 8.8M lines
* Validation set: 783 simulations Segmentation 3 min57s 3.278 segments
Population 15 min 16 s
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Metrics/Program Performance

Performed with 8GB RAM and Intel i5-7200U CPU

= Code stable
Performance for 911 Simulations

 Test set; 128 simulations

_ _ _ _ Data Extraction 69.23 s 8.8M lines
* Validation set: 783 simulations Segmentation 3 min57s 3.278 segments
n Popu|ation code Population 15min16s
. Least optimized ontoogy | ewMO | MM » 922 Simuatons
« Data condensation Classes 470 788 A318
Object Prop. 47 190 A 143
= SPARQL
) ) ) Data Prop. 3 244 A 241
« Validation of segmentation y
Individuals 1 28,818 A 28,817
* Metadata and data Axioms 3,363 756,719 A 753,356
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Segmentation

Process Steps hierarchy list

Ansys Data JSON data KPI Segmentation Segment

simulation files extraction files Generation archiv

= Dictionary-to-ontology
* Nested-to-nested Class

. Ti lat . Population
* Unknown/varying structure ransiator hierarchy Ontology P
= Ontology
» Knowledge graph
» Classifiers due to segments SPARQL Further
: queries simulations
= Validated
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Conclusion

(R e simieson
=
AT atisale todeline
- oo |
Vilculr Woreling !
EL o econgewin
= Theory

g g B g i R R B ol S o B o B gt
G
oty O
q

Preferred Label  Alternate Labels Definition Children
i
bio catalyst preparation, protein
Biologic Catalysis purification, bio catalyst
application YT —
" & Sic_Property_{v...
® packed_column
The Catalyst Preparationis a cultivation, induction, cell = ) - m
. lvst P i process thatis intendedto | harvesting, cell disruption, gel " " " : N e q
EiolCatalystiireparation synthesize a catalyst from  |filtration, protein concentration, b m
several components. transformation Josken, @ behaviour_ot_pa .

cked_colimn ® “aflects:@sw
Ject=gas_-_ Wy,

F K] o mons ] T
H H ® chabi_identife. 2 A .
Expression Strain 3 -
P! Strain preparation 542050 N ® “affocts::@sub
® “removing: @di —_—————
s ag— smct_objectsh2s...

preparation \ i\\ ————
[ ® nyrogen_sutid s

expression host, organism, M} I & o | 7y

Iva_s

Expression host microorganism, bacteria, X - / o %
) a - v ~,
/P L [7® boges. s (7@ gas - 1quu

A

A -
autacm o0
@ soamgon |_a—d i "
= R—
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Outlook

= |ntensify text mining

« Enhance sentence to RDF triplets pipeline
* One (useful) RDF graph per text corpus A ol X
* Reduce the ,fuzzyness® of resulting graphs M “. A
* Integration to existing ontologies C " -*
= Mapping of ontologies »

* Graph theory / Graph learning
= Alignment of RDF triplets from text with top-level ontology
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Thank you for your attention!
Questions?

Special thanks to:

Colleagues at Laboratory of Equipment Design,

Members of NFDI4Cat - TA1,
Deutsche Forschungsgemeinschaft (DFG)

DFG Deutsche
Farschungsgemeinschaft
www.ad.bci.tu-dortmund.de
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