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Task Area DORIS: HPMC

... I'm an engineer conducting and post-processing high-resolution
and high-performance measurements and computation
(simulation) with very large data on HPC systems.

The data sets | work with are extremely large and as such are
largely immobile. This mandates tailored, hand-made software.”

My needs are
= Enable exchange of huge high-quality datasets.
= Provision of HPC-data to foster wide-spread usage.
= Drive NFDI-wide new methodologies for data sharing

molecular dynamics

process optimization wind effects

combustion, propulsion 42 energy storage DoRIS’s patron is
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High Performance Measurement and Computing (HPMC)

Usage Statistics for SuperMUC-NG

Geography | 0.0%

Molecular Chemistry = 0.0%
I Process Engineering, Technical Chemistry = 0.0% I m0|eCU|al' dyn amICS

Zoology | 0.0% process optimization

Statistical Physics, Soft Matter, Biological Physics, Nonlinear Dynamics | 0.0%

I Construction Engineering and Architecture | 0.1% I

Mathematics | 0.1%

I Mechanics and Constructive Mechanical Engineering I 0.2% I

combustion, propulsion 2% energy storage

Water Research I 0.2%

Geochemistry, Mineralogy and Crystallography I 0.3%
Chemical Solid State and Surface Research I 0.5%

I Materials Science [Jj O.G%I

Biological Chemistry and Food Chemistry - 1.4%
Medicine - 1.8%
Atmospheric Science, Oceanography and Climate Research - 2.1%
Optics, Quantum Optics and Physics of Atoms, Molecules and Plasmas - 2.5%
Computer Science - 2.5%
Physical and Theoretical Chemistry - 2.7%
Geophysics and Geodesy _ 3.2%
Basic Biological and Medical Research — 5.3%
Condensed Matter Physics _ 13.6%
strophysics and Astronomy | :o.%

Particles, Nuclei and Fields q https://doku.lrz.de/display/PUBLIC/Usage+Statistics+f
or+SuperMUC-
Heat Energy Technology, Thermal Machines, Fluid Mechanics _ 22.7% NG?preview=/43320861/99680687/Statistics-

SNG_2021.pdf
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HPMC Research Data

What are HPMC Research Data

Research data are data that are created during a research process or are
the result of it

High Performance Measurement High Performance Computing

—@ Measurement data —@ Script / code (?)

—@ Metadata (hardware, method etc.) —@ Input file, output file, log file
—@® Raw data

—® Processed data

—@ Metadata (software, hardware, method
etc.)

—@ Data for secondary research (e.g.
energy consumption or temperature in

HPC)

Analysis and processing of measurement data
using HPC

26.10.2022 — Seite 4 (c)
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HPMC Research Data

Characteristics

Data are created and stored in personalized accounts directly at HPC centres — no indexing by
repositories or search engines

Special hard- & software required for creating, reading or processing data

Size: terabyte to petabyte — data is not mobile

“‘Data” consists of various components (code, input file, raw data, metadata etc.)

No established terminology or metadata scheme

Little best-practice or showcases for research data management

babad

Implementation of FAIR data principles

Findable: storage in personalized accounts, little metadata

Accessible: no access for third parties, insufficient transfer tools

Interoperable: depending on formats and enriched metadata

Reusable: computing time at HPC centres required or virtualization (e.g. container)

22.07.2021 — Seite 5 (<o)
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TUM Metadata Crawler: General purpose

—@ To improve the FAIRness (Findable, Accessible, Interoperable, Reusable) of their
data, researchers should properly manage the data they produce during the various
steps of the research process

—@ A step in this direction is classifying produced data by producing metadata (i.e. data
about data) to be attached each generated dataset, be it raw or post-processed

—@ If done manually, this job becomes easily burdensome and time-consuming with the
Increase of the produced data

—@ To relief scientists from this pain, a specific tool (for the moment called “Crawler”) is
being developed at TUM-AER with the purpose of automated extraction of metadata
from selected data files

—@ Currently, the Crawler is in a quite advanced phase and almost ready for release

26.10.2022 — Seite 6 (<o)
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TUM Metadata Crawler: Working principles

v

gitlab.lrz.de/nfdiding/crawler GitLab

—@ Python-based application already available via GitLab
—@ Reads ontologies and helps in extracting metadata from selected data files
—@ With limited user input, metadata files can be generated in an automated way

—@ The key-players of the application are Ontologies, Flat Classes, Dictionaries and
Metadata. The crawler is executed in 5 steps

‘ Dictionary .json ‘ Metadata .json

Reading Fill in flat Multiplex to get Fill in classes Extract and
ontology classes final classes with targets save metadata

26.10.2022 — Seite 7
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TUM Metadata Crawler: Example — Pizza ontology

—@ The pizza ontology is a formal conceptualization of knowledge related to the pizza
domain

—@ It includes classes such as: Pizza (ex. Margherita, Quattro formaggi...), Topping
(Tomato, Mozzarella...), Base (Crispy, Gluten free...) and others

—@ https://proteqge.stanford.edu/ontologies/pizzal/pizza.owl

—@In this example, metadata are extracted from plain text files, but the crawler can also
search hdf5 files

—@ The example is available in the gitlab repository

26.10.2022 — Seite 8 (<o)
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TUM Metadata Crawler: Example — Pizza ontology

—@ Situation: Three co-workers have the habit to eat pizza for lunch every day (Monday to Saturday)
at the pizzeria around the corner. The menus of the pizzeria change randomly every day, but they
always include: 3 pizzas, 3 red and 2 special (1 vegetarian) pizzas. The three habitual co-workers
always go for the first white and the two special pizzas.

******** White Pizzas --*%*%x*

—@ Obijective: from the menus (.txt) of a week, ET&EZ et otk Soppingss Spech,. e
hite First choice price: 7.5

retrieve name (“main topping”) and price of T

White Second choice: Ruchetta

the plzzas eaten by each person White Second choice toppings: Mozzarella, rucola, pachini, grana

White Second choice price: 6.5

W o

White Third choice: Focaccia
White Third choice toppings: Pizza bianca al sale
White Third choice price: 4.5

dkkkkkk _ Red Pizzas *********
Red First choice: Margherita
Monday menu Red First choice toppings: Pomodoro, mozzarella

Red First choice price: 5.5
*

| TR

Red Second choice: Villa Borghese

Red Second choice toppings: Pomodoro, mozzarella, verdure grigliate
Red Second choice price: 7

Ly |

Red Third choice: Perugina

Red Third choice toppings: Pomodoro, mozzarella, salsiccia

Red Third choice price: 6.5

***** ==:Specilal Plzzas =-*&*s%

pecial First cholce: Carbonara
Special First choice toppings: Mozzarella, guanciale, uovo, pecorino romano, pepe nero
Special First choice price: 7.5

(T PR T

tpeCIaL Second choice: Vegana
S

pecial Second choice toppings: Pomodoro, funghi porcini, carciofini, olive nere
Special Second choice price: 7
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Pizza example — Steps 1 and 2

—@ Step 1. Read the ontology — Get the json file with empty flat classes
—@ Step 2: Manually fill in the flat classes

Ontology .owl

_ O

26.10.2022 — Seite 10
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"Vegetarian Pizza": {

" count ": 1,

" 1s subclass of ":
[Pizza],

" restrictions ":
|:"-""] 4

"Price": [17,

by

"Has main topping":

(11,

"Special Pizza": {

- ...

by

" count ": 2,

" 1s subclass of ":

" restrictions ":

"Price": [1,1],
"Has main topping":

["..."] ,

(1,11,
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Pizza example — Steps 3 and 4

—@ Step 3: Use the multiplexer to expand the classes count as needed
—@ Step 4: Manually fill in the extended dictionary

"Special Pizza 1": { "Special Pizza 1": {
" restrictions ": [".."], " restrictions ": ".."
"Price": { "Price": {
"path": [1], "path":
"type": [], "0l Example Pizza NFDIConf2022/Menus/RandomMenu 1.txt",
"pattern": [], "type": "regex",
"postprocessor": [ { "pattern": "Special First choice price:\\s(.*)\\",
"type": "", "postprocessor": {
"args": "" "type": "",
}] "args": ""
} }
"Has main topping": ({ }
"path": [], "Has main topping": {
"type": [], "path":
"pattern": [], "0l Example Pizza NFDIConf2022/Menus/RandomMenu 1.txt",
"postprocessor": [ { "type": "regex",
"type": "", "pattern": "Special First choice price:\\s(.*)\\",
"args": "" "postprocessor": {
}] "type": ""
} "args": ""
by }
"Special Pizza 2": { }

I

} "Special Pizza 2": {
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Pizza example — Step 5

—@ Step 5: Metadata extraction from target files to new .json or .yaml file

26.10.2022 — Seite 12 (c)

Monday
{

"Special Pizza 1": {
"Price": "7.5",

"Has main topping":

by
"Special Pizza 2": {
"Price": "7"’

"Has main topping":

by
"White Pizza": {
"Price". "7 5"
: .57,

"Has main topping":

"Carbonara"

"Vegana"

"Monterosa"
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Pizza example — Automate steps 4 and 5

—® Now, only steps 4 and 5 have to be re-run to extract similar data from different target files
—@ This can be easily automated (ex. via simple shell script)

Tuesday

“Spcc1d1 Pizza 1": {
"Price": "8"
"Has_main t:pan;": "

“Spcc1d1 Pizza 2": {
"Price": "8"
"Has_main t:pan;": "

1,

"White Pizza": {

"Price": "-.?"
"Has_main t:pan;": "

26.10.2022 __ ggite 13 &

Wednesday

pcc1d1 Pizza_1": {
"Price": "7.5",
"Has_main t:ppln;": "
-

J s

"SchIdl Pizza 2": {
"Price": "g"
"Has _main t:pan;“: "

1
J 2
"White Pizza": {
"Price": "7.5",
"Has_matln t:pan;": ;

“Spcc1d1 Pizza_1": {

"Price": "8"
"Has_matin t:ppln;": "

LSPCCldl Pizza 2": {

}

"Price": "8"
"Has_matin t:ppln;": "

E

"White Pizza": {

"Price": "4.5",
"Has_matin t:ppln;": "

"Schldl Pizza_1": {

"Price": "9"

"Has_main t:ppln;“: "

;EPCCIdL Pizza 2": {

"Price": "8"

"Has_main t:pplng": "

da

“thtc Pizza": {

"Price": "7

"Has_main t:ppln;“: "

Thursday

chLdl Pizza_ 1 B
"Price": "7.5"
"Has_main t:ppln;

;SchLdl Pizza_2": {

"Price": "8"
"Has_main ‘t:pp'l_n;

I,

"White Pizza": {

"Price": "
"Has_main t:ppln;




NATIONALE FORSCHUNGS- NFDi4ing
DATENINFRASTRUKTUR FUR DIE
INGENIEURWISSENSCHAFTEN

CFD example

—® While it is possible to read out a subject-specific ontology to generate the first dictionary with flat
classes, it is not necessary, as steps 3 and 4 are independent of the actual names of the classes

—@ This means that, with some further user input, the crawler can be already applied to real problems,
like CFD workflows {

"Processing Step": {
m m “
count o1,
is subclass of

” m.

[""] ,

" restrictions ": [".."],
"Name": [1],

"Parameter": [5],
"Has_numerical_value": [5]

"Vegetarian Pizza": {
" count ": 1,

" 1is subclass of ": [Pizzal, .

" restrictions ": ["."], "Tool™: |

"Price": [1], " count ": 2,

"Has main topping™: [1] " is subclass of ":

}’ [""]’
" restrictions ": ["."],
"Type": [11,
"Name": [5],
"Version": [5]
}’
"Method": {
" count ": 1,
"::isisubclassiofi

m.

[""] ,

" restrictions ": ["."],
26.10.2022 — Seite 14 (<o) "Name": [1]
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CFD example

—® For example, it's possible to retrieve some physical parameters used in a simulation (as the
freestream Mach number) from the input file of a CFD code or numerical parameters from the
output file

{ "Processing_Step": {

"Processing Step": | M Ay Moo
" restrictions_ ": "™ "Name": "Runn

Na o ' Parameter 1":

"Name" : T .
{ 'Parameter_2":

"path": "whatever", . "
Parameter_3":

"type M. Moon ,

"pattern": "echo ‘Running Simulation’", "Parameter_4": eestre

"postprocessor": { "Parameter_5": "Start ti
"type": "", "Has_numerical_value_1": "
"args": "" "Has_numerical value 2": '

} "Has_ numerical value 3": '
"Has_numerical_value_4": "

"Has numerical value 5": '

b
"Parameter 1": {
"path": "whatever”,
"type": "os",
"pattern": "echo ‘Freestream Mach number’",
"postprocessor": {
"type m : mim ,
"args": ""

1

b,
"Has numerical value 1": {
"path"™: "02 CFDEx NSMB NFDIConf2022/example NSMB input.dat",
"type": "regex", - - - -
"pattern™: "Mach :\\s(.*)\\",
"postprocessor™: {
"type":
"args": "" 3
26.10.2 } :

"pre":
"Name" :
"Version": '

T,
"Method": {
"Name" :

nm n
’
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TUM Metadata Crawler — Application in HPC workflow

—@ Depending on the application, the crawler can be used at different steps within the
workflow of CFD (or similar) applications

—@® Wherever data files are created, the crawler can be used to extract relevant
metadata

Mesh generation Post-processing

/| %

L[

26.10.2022 — Seite 16 (c)
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TUM Metadata Crawler — Next steps

—@ Although HDF5 can be already searched for data, some more work is needed in that
area

—@ Increase the number of supported formats

—@ Write documentation

—@ Implement complete Metadata4lng ontology

—@ Implement/improve post-processing routines on the extracted data

26.10.2022 — Seite 17 (c)
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HPMC workflows in Metadata4lng

https://git.rwth-aachen.de/nfdiding/metadatading/metadatading GitLab

Person

b part of
| has pEI‘lIEIpaI‘Ii

processing step

research project

Thing Thing » Metadatading: An ontology for
<—has input— -has outpui describing the generation and
\ provenance of research data within a
,wemig ates scientific activity »
alizes metho has Ernplny&d foaol l
_ Susanne Arndt
‘ Thing (TIB — Leibniz Information Centre for Science
and Technology and University Library,
method fool Hannover, Germany)

—implemented by—»
4—implements

Lh as param&terj has parameter

Variable

Metadatading-tutorial

Graphics: https://git.rwth-aachen.de/nfdi4ding/metadatading/metadatading (modified)
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HPMC workflows in Metadata4ing

"@type" : "processing step",
Person /""" “@1d“ : "NSMB_setup",

//' "name" : "Setup of simulation parameters”,
research project « et of T "has input® : "input.dat”,
1 mgpvﬁLmﬂ "has output” : "input.dat", // Comment: modifi
processing step
Thing Thing
#4—has input: has outpuie

\ Linuestigates
realizes metho has emplr.:u,' ed tool l
‘ Thing
method tool
—implemented by
4—implements
| N~ "has employed tool"™ : [
i . - =11 - - "
has parameter Hardware: lrz-coolmuc2-linux-cluster-2022",

has parameter
| l "Software:
- Module: 1) admin/l1.6 2) tempdir/l1.e 3)

| Variable | - 0S: SUSE Linux Enterprise Server 15 SP1, CP

@ 016 | | Graphics: https://git.rwth-aachen.de/nfdiding/metadatading/metadatading (modified)
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HPMC workflows in Metadata4ing

research project

part of T
1 has pa ipant

Thing

"@type™ "processing step",
_— "@1d" “NSMB_Tunnlvg-51mglat10n“,
Person J/ "name™ "Running Simulation”,
//, "has input"” [
p "input.dat"”

"RG_flat_plate.db”

Thing

processing step
#4—has input: has ::uutput:

—

mvestig ates

realizes methc:-t?.—J has emplr.:u,'ed tool

1

1nuest1gates

“Boundary layer on a flat plate”,

method

ool

implemented by
implements

"realizes method":

26.10.2022 — Seite 20 (c)

"PDE solver (Navier-Stokes,

‘ "has employed tool™:
[ "Hardware:

lrz-coolmuc2-linux-cluster-2022",

"Software:

compressible)”,

- Module:

1) admin/l1.© 2) tempdir/1.8 3)

- 0S: SUSE Linux Enterprise Server 15 SP1, CP

- Executable:

NSMB_6.09.18.mpi // Comment: di

Graphics: https://git.rwth-aachen.de/nfdiding/metadatading/metadatading (modified)


https://git.rwth-aachen.de/nfdi4ing/metadata4ing/metadata4ing

NATIONALE FORSCHUNGS- NFDiding %%:

DATENINFRASTRUKTUR FUR DIE
INGENIEURWISSENSCHAFTEN

HPMC workflows in Metadata4Ing

HPMC extension / domain-ontology

—@® Community based, consistent terminology for HPMC
—@ https://git.rwth-aachen.de/nfdi4ing/metadatading/metadatading/-/tree/DORIS HPMC

—@ Set classes and properties

—@ Tool
—  HPC system (“has part:” hardware & software)

—@ Method
— PDE, Monte-Carlo-Simulation, Image processing etc.

—@ Processing Step
— Compilation, Pre-Processing, Simulation run, Post-Processing etc.

—® Domain
—  Flow, Solid state

—@ optional: detailed metadata, e.g. energy consumption, used nodes, temperature in cluster

etc.
— useful for secondary research

26.10.2022 — Seite 21 (c)
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Agent Role Person
< has role
I
par‘ticieates in
Thing ) ProcessingStep Thing
«€—has input— —has output-»
Jobfile / Inputfile / Repository €g.C , Pre-Py 9. ion Run, Post-P ] Outputfile
{ realizesMethod J hasEﬂ‘pTedTool [ investig 1
Method Tool Thing
—isimplementedBy—»
«—implements:
AL 4 A
is-a 'T
| Geolocation
. Humidity isa
Agent-Based-Simulation B HPC System has properties———rumperature
| Mame / Unit / Quantity (see Variable)
Artificial Intelligence [ — Domain
lame
| o
ype
as properties— Discretization IE part m
| Server Hardware Institute is-a F
— . has Model low
Image Processing - Hardware isa Cluster Hardware -pronarties I Nodes hae . |Deseripton
| Virtual Cluster j ::ﬁmeum properlies’mm
Hardware PPN i
Monte-Carlo-Simulation Scheduler Output Solid State
Virtual Hardware? (yn)
| Peak RAM
Narme L
Equation System as properties— PDE
\(Specific) Equation
I — Modules R
Aonat inormtion }4' 58 properties— Data Analytics [— Containersoftware
| Orchestration |
Software
| | Virualization
Software

| Grid Generating |
Tools/ Mesh Tools
— Operating System -
- is- 2 - -
Software €—is-a | T i
Data Generation |
Software
Processing
Software
Simulation
Software
— PDE Solver A

Datatype
26.10.2022 — Seite 22 () OO Conversion
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HPMC workflows in Metadata4Ing

HPMC extension / domain-ontology — Why?

—@ Provide a comprehensive, expandable metadata schema for (engineering) research
data generated on HPMC systems

——@ Establish consistent terminology for HPMC in engineering

Further steps

—@ Evaluate schema along with pilot users

—@ Currently: CFD-approach >> other perspectives
—@ Work out detalls, e.g. discretization, data quality
—@ Improved mapping of software (tool)

—@ Merge with LRZ/DataCite schema

26.10.2022 — Seite 23 (c)


https://schema.datacite.org/meta/kernel-4.4/doc/DataCite-MetadataKernel_v4.4.pdf

NATIONALE FORSCHUNGS- NFDiding QT %:

DATENINFRASTRUKTUR FUR DIE y
INGENIEURWISSENSCHAFTEN

Storage and Publication of Metadata

Findability & Accessibility for Re-Use of (Meta-)Data

4l

—@ Storage & publication in institutional repository along with published research data
Data creator ——@not indexable ®

2/08/22
Singk

— Pending: repository linking or storage in NFDI4Ing MetadataHub

| Large Data| /i odata

https://nfdi4ding.de/base-services/s-3/
https://qgit.rwth-aachen.de/nfdi4ing/s-3/s-3-3/metadatahub

—@]linked (raw) data, metadata, software, citations etc.
—~@ standardized metadata schemes
-’ —@indexing of metadata sets, enabling metadata-based search for research

DoRIs B data
3rd-party researcher
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Storage and Publication of Metadata

a

Crawler

@ author stores metadata @

v

search for data
through metadata

metadata is linked
to data storage

— (large) data is stored at HPC centre
— metadata is stored in a indexable metadata hub
— 3rd party users can search, find and re-use data through metadata

26.10.2022 — Seite 25 () DO
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Usage of FAIR data from HPMC

Familiarization

Calculate — Validate — Verify

Simulation Run

| Post-Processing & Analysis

Publication/ Thesis
New '
Methodologies Time

)
FAIR data

Familiarization

| Data & Metadata Search

m Post-Processing & Analysis

| Publication/ Thesis

‘ New methodologies as alternative (not as replacement)
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Further Information

Follow-Up
—@®DoRrIs workshop on RDM in HPMC (feat. JSC, HLRS, LRZ): 2023, 15t quarter

Downloads

—@ Software: https://qitlab.lrz.de/nfdi4ing
—@ Metadatading: https://git.rwth-aachen.de/nfdi4ding/metadatading

Contact

—@ Newsletter: https://lists.tu-darmstadt.de/mailman/listinfo/nfdi4ing taskarea doris
—@ Mail: info-doris@nfdi4ing.de
—@ Web: https:/Infdi4ding.de/archetypes/doris/

26.10.2022 — Seite 27 (c)


https://gitlab.lrz.de/nfdi4ing
https://git.rwth-aachen.de/nfdi4ing/metadata4ing
https://lists.tu-darmstadt.de/mailman/listinfo/nfdi4ing_taskarea_doris
mailto:info-doris@nfdi4ing.de
https://nfdi4ing.de/archetypes/doris/

Large Data

e0ea/

Lekshmi Singh/

Manuela Lannis~

ter/

Olgierd Nolte

4035/8885/349/
ge~Fracti~

Large Data

N\ AR

=
DORIS

The authors would like to thank the Federal Government and the Heads of Government of the Lander, as well as the Joint
Science Conference (GWK), for their funding and support within the framework of the NFDI4Ing consortium. Funded by the
German Research Foundation (DFG) - project number 442146713.

® Caroline Ennemoser 2022




