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Superpocitac

m

Scéna z filmu Martan
SuperpocitaCc PLEIADES v NASA
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Superpocitace dnes
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Vykon superpocitace

1 FLOP = Floating Point Operation

1 TFLOP = 1072 FLOP 1 PFLOP = 1075 FLOP 1 EXAFLOP =108 FLOP

Nejvykonngjsi na sveté - TOP500.org

Rmax Rpeak
Rank System Cores (PFlop/s) (PFlop/s)
1 El Capitan - HPE Cray EX255a, AMD 4th Gen EPYC 24C 11,039,616 1,742.00 2,746.38
1.8GHz, AMD Instinct MI300A, Slingshot-11, TOSS, HPE
DOE/NNSA/LLNL
United States
LUMI - 8. misto na svété, 1. v EU (listopad 2024)

8 LUMI - HPE Cray EX235a, AMD Optimized 3rd Generation 2,752,704 379.70 531.51
EPYC 64C 2GHz, AMD Instinct MI250X, Slingshot-11, HPE
EuroHPC/CSC

Finland

Power
(kW)

29,581

7,107
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Superpocitac LUMI

8. na svete, 500 PFLOPS

* Procesory: AMD EPYC 7763 (362 496 jader)
 Grafické karty: AMD Radeon Instinct MI250X (11 912 karet)
« Sit HPE Cray Slingshot-11

« Umisteni: Kajaani, Finsko

» Dostupny pro vyzkumniky z CR

 https://www.it4i.cz/pro-uzivatele/jak-ziskat-vypocetni-cas

* Objektoveé ulozisté LUMI-O: 30 PB pres S3 protokol



https://www.it4i.cz/pro-uzivatele/jak-ziskat-vypocetni-cas
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superpocitace v | T4Innovations

Anselm (0.1 PF) DGX-2 (2 PFA) Karolina (15.7 PF, #69)

Salomon (2 PF, #40) Barbora (0.8 PF) LUMI (500+ PF, #8, in Kajaani, Fl)
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Anselm (0.1 PF) DGX-2 (2 PFA) Karolina (15.7 PF, #69)
- ' - " k

July 2013 March 2019 August 2021

0,46 2,56 16 PB
Pg PB 29 PB
2011 July 2015 October 2019 Autumn 2021 NS B HPC
| B
A i .
¥ R =
B L UM}
B R
\ B A
Salomon (2 PF, #40) Barbora (0.8 PF) LUMI (550+ PF, #3, in Kajaani, Fl)
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-uroHPC JU (Joint Undertaking)

» Evropské sdruzeni, které mélo v dobé vzniku cil v ramci
spoluprace evropskych zemi podporit cestu k vybudovani
vlastniho evropského exascalového superpocitace do
roku 2022/2023 a tim vyznamné prispet k digitalizaci
evropské spolec¢nosti a pramyslu

- Zapojeno 35 evropskych stat( (CR &lenem od ledna 2018),
EU a 3 soukromé subjekty (ETP4HPC, BDVA a QuIC)

\\
Infrastructure

Leadership ir Centra kompetence

" (Centers of Competence
use & Skills CaCs)

Applications

N
Centraexcelence
(Centers of Excellence

CoEs)

\/

Federation and
Services

Aktualni cile

» Vyvoj, nasazeni a rozsirovani propojeného a bezpec¢ného
ekosystému superpocitacl, kvantovych pocitacu, sluzeb a
datové infrastruktury svétové tridy v Evropé.

« Podpora vyvoje a zavadéni konkurenceschopného a
inovativniho superpocitacového systému na zakladé
uzivatelskych pozadavk( v¢etné vyvoje aplikaci
optimalizovanych pro tyto systémy.

« Rozsifeni vyuziti superpocitacové infrastruktury a podpora
znalosti a dovednosti pro evropskou védu a primysl

» https://eurohpc-ju.europa.eu

12
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FuroHPC JU - Evropske superpocditace
S \/@Em@r@{sf‘%{f @tgzozmoz@

« Jules Verne (FR)
+  Arrhenius (SE) Y o
- Daedalus (GR)

il

PRE-EXASCALE

v v Lumi (FI)
« 3 pre-exascale superpocitace (2021-2023)
«  LUMI - Kajaani (FI) PETASCALE Arrhenius (SE)
» Leonardo - Bologna (IT) &=
«  MareNostrum5 - Barcelona (ES) oz e
g MID-RANGE
« 5 petascale superpocitacli (2020-2021) —
+  MeluXina - Bissen (LU)
« Karolina - Ostrava (CZ)
»  VEGA - Maribor (SI) : Jupiter (DE)
' . Meluxina (LU)
«  Deucalion - Guiamaraes (PT) = = &= Karolina (CZ)
- Discoverer - Sofia (BG) JulesVerne(FR) ——
+  Podpora HPC ekosystému: = Vega (s)
«  Vyvoj Evropského procesoru pro HPC a exascale pilotniho systému (EPI) &2 Discoverer (BG)
« HPC centra kompetence (CoC) propaguijici inovace a vzdélavaci aktivity ve vSech participujicich =
. Leonardo (IT) b =
statech =
+  Podpora primyslu, MSP Deucalion (PT|~—
* Poskytovani vypocetniho Casu MareNostrum 5 (ES)
« Pres Open Access vyzvy = Daedalus (GR)

13
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Ceskd E-infrastrukturao

+ Velké narodni infrastruktury pro vyzkum, experimentalni vyvoj a inovace podporované
Ministerstvem mladeze a télovychovy

+ Poskytovani vysoce kvalitnich a dostatecne dimenzovanych ICT sluzeb pro vwzkumnou VSB TECHNICAL | TTATNNOVATIONS
komunitu ||| UNIVERSITY | NATIONAL SUPERCOMPUTING
| OF OSTRAVA CENTER

ceshet~x .= .

ok *
Poland . EuroHPC

rrace ity
EUDAT

QQ ol Germany : V= BDV
g Shibboleth. el G s NS S =

/&\ LARGE RESEARCH o

\!/ INFRASTRUCTURES cerin

scientific cloud https://www.e-infra.cz/o-nas/clenove

Austria

14
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Provoz nejvykonnéjsich superpogitacovych technologii v Ceské republice

« Provozuje nékolik superpocéitact
+ Anselm, Salomon (vyfazeny)

» Barbora
« DGX-2
\-,

« Karolina (2021)

«  LUMI (2022)

+  LUMI-Q (2025)
Vyzkumné a vyvojové centrum se silnymi mezinarodnimi vazbami
Zapojeni v fadé mezinarodnich projekt(

T
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« Vyzkumné laboratore
Laborator pro naro¢né datové analyzy a simulace

Laboratof vyvoje paralelnich algoritm(
Laboratof modelovani pro nanotechnologie
Laborator pro kvantové vypocty

Laborator pro vyzkum infrastruktury

|
gn-

07

* https://www.it4i.cz
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Priklady Uloh pro superpocitad
« Strednédoba a dlouhodoba predpoved pocasi, modelovani

klimatickych zmeén

 Bioinformatika, vyvoj novych Iéciv, analyza DNA sekvenci,
modelovani proteinu

« Zpracovani velkych dat, vyuziti pro strojoveé uceni, umeélou
inteligenci (napf. velké jazykové modely LLM)

« Virtualni realita, rendering videa, zpracovani obrazu

- Matematické a fyzikalni vypocCty, materialové |nzenyrstV|
(nové materialy) i

« Simulace v rliznych odvétvich (CFD)

- Digitalni dvojCata (digital twins), napf. model Ildskeho
mozku, model zeme

« Kvantové pocitani, atd.

16
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VyuZiti superpocitacu - paralelizaggises

Navrh software nebo systému tak, aby fungoval
paralelné a mohl vyuzit vypocetni kapacity

Cil: paralelni vyuziti vypocetnich uzlu a jader

 Rlzné druhy paralelizace
« Z pohledu algoritmu
- Redeni naro¢nych uloh Ize rozdélit na mensi tlohy
« Specidlni Uprava algoritmu (sekvenéni vs paralelni pfistup)
« Z pohledu komunikace
» Prace s velkymi daty nebo narocné ulohy vyzaduijici
komunikaci mezi vypocetnimi uzly
« Z pohledu mnozstvi zpracovanych dat
« Sdileni dat mezi vypocetnimi uzly (rychlé propojeni)

Sekvencéni

;
:

Sekvencni

Paralelni

17
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Skdlovatelnost - Amdahl’s law

Spesdup

14

12

10

Humiser of processors

Amdahl's Law
f’fﬂrﬁ
;’H Parallel partion
# 50%
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Strong Scaling Speedup

—+— Real speedup
ldeal speedup

16 32 64 128 256 512 1024
Mo of Processors
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- 5 specializovanych Al £ e
superpocitacu napric Evropou 1st EuroHPC Al Factories
« Podpora Al pro vyzkumné <
KUDI o mm LUMI Al Factory A, . BSCAIFactory XN
skupiny L .
Dostugqe pro , P A2
« Verejné vyzkumné : e e
organizace T
. AI Startu . L-Al Factory <> HammerHAI
Py MIMER s

e SMEs

Vice na: https://eurohpc-ju.europa.eu/selection-first-seven-ai-factories-drive-europes-leadership-ai-2024-12-10_en

19
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Kvantovy pocitac VLQ konsorcia LUMI-Q

« Realny kvantovy stroj

« 24 fyzickych supravodivych
qubitu

« Chlazeni na teplotu 10 mK

 Star topologie

« Prave instalovany v IT4l v
Ostrave

Vice na: https://eurohpc-ju.europa.eu/selection-first-seven-ai-factories-drive-europes-leadership-ai-2024-12-10_en

20
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PrendsSeni dat - pripojeni k siti

Velmi rychlé site jsou
dostupné

Dulezité je jejich spravné
vyuziti

Kabelové priopojeni v
kancelari 1 Gbit/s max.

Lokalni server az 100 Gbit/s

EEN
AMS-IX
206 Poland
5 Kuks, Novy 509'*
o ’
radec Kralpvé
PIONIER
Karvina
i Opava
Plzen Litomys1© 149 i P ~ ges;yq
Trebova Ostrava| Cesky Tesin
Germany :
NIX 4 A O
— Klalovy
GEANT E e '
International e} “J.H Brig
commodity : :
traffic eské Budéjovice
Nové Hrady© \ Bieclay
; Lednice @
Austria
Boooane
Vienna ~GEANT Bratislava traffic backup
ACOnet  backup SANET 4 .

7 0 km 50 km 1ozlkm
7200 B aodl= Hugging Face

EUDAT

cesnet

mmmm 400 Gbps

200 Gbps
w100 Gbps
s 20 - 40 Gbps
mmm 10 Gbps
1 Gbps
Leased capacity

e PoP

O User Point

04/2024
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Typy ulozist v superpocitacovych centrech

Typy technologii jsou dané
* Flash (NVMe, SSD, etc..)
- HDD
« Pasky

ZpUsob pfistupu k nim je standardné pres POSIX (soubory/slozky)
» Nepraktické pro prenos dat pres internet
» SSH je uzivatelsky neprivétivé
Objektova ulozisté mohou byt reseni
» S3 neni standardizované, kazdy vyrobce ma svou modifikaci
» Jednim z feSenim je pouziti abstrakci jako iRODS

Archivni média jako napr. pasky neni mozno pouzivat transparentné

Archivace a obnova velkych soubor( i uvnitf datového centra je ¢asové
narocna

VSB TECHNICAL ITAINNOVATIONS
|| || UNIVERSITY | NATIONAL SUPERCOMPUTING
| OF OSTRAVA | CENTER

Storages at HPC
sites

Temp ramdisk

SCRATCH
Parallel filesystem

Large object
storage

Archive / Tape

Data
temperature

TBs
hours

100’s TB
days

5 PB
months

20 PB
years

50 PB
decades
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Zivotni cyklus dat z pohledu vypocetni infrastruktury @

Home Spaces\
 Uzivatelsky pohled /

* Pokud mozno automatizovany pfenos s maximalnim vyuzitim
linek

» Soucast vypocetniho workflow
* Pristup k datum je “in-kind” v rdémci alokace vypocetniho ¢asu
« Jak zajistit pristup k velkym datiim napfi¢ “projekty”?

« Administratorsky pohled
« Nutnost trasovani puvodu a pouziti dat — =

« Sbér tzv. provenance Udaju pro vysledky \ /

« Vstupni data — reference
Raw data ... Computation ... models

Project Spaces Archive Spaces

- Vypoéetni prostiedi, knihovny, hardware —t—
 Audit stopa — kdo, kdy, kde Scratch Spaces
* Mozno vyuzitipro FAIR

What happens between ??

VSB TECHNICAL ITAINNOVATIONS
|| || UNIVERSITY | NATIONAL SUPERCOMPUTING
OF OSTRAVA CENTER
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Priklad spole¢néno ndastroje pro prendseni dat

« Shodny protokol napric datovymi

centry \

 Presun dat co nejblize

vypocetnim kapacitam Federation

« Autonomie kazdého centra musi
byt zachovana

« Spolcné AAI a vykonné site

— o — —

VSB TECHNICAL ITAINNOVATIONS
|| || UNIVERSITY | NATIONAL SUPERCOMPUTING
OF OSTRAVA | CENTER

______________

iIRODS Zone A

Federation

—— o o g = —

______________

______________

iRODS Zone B

______________

\
|
: Federation
|
|
|
|
|

______________

iRODS Zone
HPC Center

o — — -

11006+ network

HPC
Clusters

LUSTRE
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Pristup k datum na superpocitacich

« Velké mnozstvi ﬁmiliony) souboru muze

o s Nodes 0 1 n-1
zpusobovat problémy
« Sdileny souborovy systém (LUSTRE, GPFS)
- Omezeny pocet tzv. inode - reprezentace . e .
slozky/souboru | | | |
« Metadatové servery jsou sdilené napric¢ uzivateli l} l l l
- Listovani slozek apod. miZze byt asové velmi &3 - &3 - -
narocné . K 4
. . . (MDS% MDS Kﬁv foss od 0SS M-1
 Velké soubory rozdéelené mezi nekolik uzlu
« Je nutné dbat na spravnou velikost tzv. stripe ﬂ ﬂ i ﬂ i ﬂ ﬂ i
ol WpT: MBD:  MET osT 0sT osT osT

- Soubor je pak rozdelen na Casti, které jsou
ulozeny na nezavislych discich

VSB TECHNICAL ITAINNOVATIONS
|| || UNIVERSITY | NATIONAL SUPERCOMPUTING
OF OSTRAVA CENTER
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Pristup k datum na superpocitacich

« Velké mnozstvi (miliony) soubor( Files.ext4
« Vlastni souborovy systém v jedom souboru (image)
» Zatezuje pouze dany vypocetni uzel, ze kterého se pristupuje x
« Nastroje
- fuse2fs - pfipojeni souborovych systémda jako napf.ext4 fuse2fs :
« archivemount — pfipojeni archivl napf. tar, zip, rar.. | | 15 4 Ampituse | | ( bfuse ) |
« Mnoho dal$ich FUSE klientd (napf. iRODS nebo S3) —1 _
: [ glibc J i ( glibc ):
Userspace [ —— S U S N P——
¢ DOpOI‘UéenI' Kernel FUSE
« Spravné strukturovat data do vétsich bloku -
7 Vé V4 VeV v . Vé f\IFb
Ty ukladat na vhodna ulozisté (objektové) VES
- Vhodne prenaset objekty na /scratch slozku clusteru a
pristupovat pres FUSE

VSB TECHNICAL ITAINNOVATIONS
|| || UNIVERSITY | NATIONAL SUPERCOMPUTING
OF OSTRAVA CENTER
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Data Management in HPC - selected technique 48
« Umela inteligence neni jen trénovani siti...

. Inference
Training
"y v . , . . Davkova uloha i pozadavky
Konecne mnozstvi dat — davkova uloha Inference jako sluzba neni vhodna pro

Je nutné prenést data co nejblize GPU — davkové planovace — ¢eka na pozadavky
Je nutné efektivné nahravat modely do GPU

pro opakované cCteni ; " h hravani napt
. o , , — vyvarovat se opakovaného nahravani napt.
Vhodnym zpusobem ukladat vysledky oro kazdy pozadavek

\

GPU
Partition

HyperQueue opU
§/ EXAHMIND

Partition

k workload manager
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Motivace
» Komplexni workflow v ramci jedné davkové ulohy jsou narocny ukol
> Ukoly jsou heterogenni a tvofi sloZité topologie
» Superpocitace maji rdzné typy vypocetnich uzl{
» Neni vhodné zasilat velké mnozstvi velmi kratkych uloh do
pldnovace typu SLURM (sdileny se vSemi uzivateli clusteru)

HyperQueue je planovac optimalizovany pro béh na HPC clusterech, pro
efektivni spousténi slozitych workflows s mnoha ukoly

#!/bin/bash

while :

do
# Submit a job and wait for it to complete
./hq submit --wait ./compute.sh

# Read the output of the job
output=$(./hg job cat last stdout)

# Decide if we should end or continue
if [ "${output}" -eq @ ]; then
break
fi
done

-Tektivni datovd pQrQ\eHzace
Q¢
e. 5 hq submit

Login node

PBS/Slurm

Compute nodes

HyperQueue

------ PBS/Slurm job

Compute node

<<—>» Network communication

® sk

{:} CPU core

Tasks are submitted into a central server
It can run e.g. on a login node

The server allocates Slurm/PBS jobs
and starts workers on allocated nodes

Tasks are distributed to workers and
dynamically load balanced

HQ
Worker

HQ
Worker

HQ
Worker

HQ
Worker

HQ Worker Q

HQ e
L 1
T 1

1 .
1 .
1 s

Open-source (MIT-licensed) available at GitHub:
https://github.com/It4dinnovations/hyperqueue
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HPC-as-a-Service pristup
» High-End Application Execution Middleware
* Pristup k superpocéitacim pres REST API

V

Vault
« Bezpecny a izolovany pristup
 Vlastni autentizace & autorizace uzivatell @ Jupyter
« Monitoring spousténych uloh, véetné pristupu k logim
REST API
Client HPC infrastrucm
infrastructure \ File Transfer Swagge g
e e, D ——— = — 8.
- < \ @ = 2 = .
SFTP/SCP \ .T H1 1)
Gl_ient.
‘//r b application Scratch storage .:* 5 I u r m
: —S . workload manager
! / 4 '
N Job management / HPC Cluster ) A I t all ‘ PBS Works
o HPC capabilities = = = - D = = c
wsers / : SSH

VSB TECHNICAL
|| || UNIVERSITY
OF OSTRAVA

https://heappe.eu
IT4INNOVATIONS HEAppE Middleware \HPCScheduler / P // PP /

NATIONAL SUPERCOMPUTING
CENTER




National Czech

OE0SC

Programme

Cloud computing

Poskytovani IT infrastruktury pres internet,
bez nutnosti mit vlastni hardware

U&tuje se okamzita spotieba
Virtualni instance, kontejnery, sité

Zdanlive nekonecné zdroje — vhodné pro
skalovani sluzeb obsluhujicich mnoho
pozadavku

Popularni reseni
» OpenStack — Virtualni stroje
« Kubernetes, OpenShift - kontejnery

« Komercni: Amazon, Microsoft, Google

* Pro vyzkumniky v CR:
« CESNET Metacentrum Cloud
e |T4l EuroHPC Cloud

« laaS (Infrastructure as a Service) —
infrastruktura jako sluzba

« PaaS (Platform as a Service) — platforma
jako sluzba

« SaaS (Software as a Service) — software
jako sluzba

31
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Organizace superpocitace

karolina.itd4i.cz

Login uzly { .... login[1-4]

<o 1| N Y I
- NN ENEEN:

Wmmw“<wﬂlllllllllllllll-

~—

Zpracovani velkych dat na superpocitacich

qcpu

qgpu

gqcpu_exp

— Partitions/
Fronty

R

33



National Czech
Programme

DOEe0SC

Davkovy planovac

karolina.it4i.cz

EEEE o

= |

- =
m Fronta: gcpu . v

e T lanovec PNl | | | L 1 L LTI TP 1
UZivatel Cas: 2h SLURM

| | (L

1 v v

e v

1]
—c
—

Data

job.sh

Popis ulohy

Zpracovani velkych dat na superpocitacich
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(JEe0SC

Prenos dat

« SSH nastroje (rsync/sftp)
» Pres SSH server na login uzlech clusteru
* Vhodné pro mensi soubory, neni implicitné paralelni, mozné paralelizovat rucné
 Priklad:

* rsync -p -v testl0G.dat mgolas@karolina.itd4i.cz:/home/mgolas/testl10G.dat

 Lokalni objektové uloziste S3/iRODS
 Paralelni prenosové protokoly — nutné pouzit pro efektnivni vyuziti prenosovych linek
« Priklad s S3 ulozistéem
« Vstupni data od uzivatele na S3 ulozisté

* sbcmd --stat --credentials-file ./wp.cfg --endpoint-url
https://obj.projd.itdi.cz cp --sp ~/testl0G.dat

« Stadhnuti dat na clusteru (login uzel nebo davkova uloha na 1 uzlu)

* sbcmd --stat --credentials-file ./wp.cfg --endpoint-url
https://obj.projd.itdi.cz cp —--sp ~/testl0G.dat

Zpracovani velkych dat na superpocitacich 35
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National Czech
Programme

DOEe0SC

Jak se méri pouzivani superpocitace?

« Vypocetni Ccas, ktery uloha stravi v behu na clusteru je méren v tzv. uzlo-hodinach
(nodehour)

« 1 uzlohodina = 1 uzel pouzivany po celou hodinu

« VétSina clusteru ma exkluzivni alokaci uzlu — nejmensi mozna jednotka, kterou
uzivatel muze vyuzit je jeden s nikym nesdileny uzel

* Vice na: https://docs.it4di.cz/general/resource-accounting/

Zpracovani velkych dat na superpocitacich
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Jak pladnovac urcuje prioritu Ulohy?

Partition Project Nodes Min ncpus Priority Authorization Walltime
resources (def/max)

qcpu >0 720 128 2 no 24 [/ 48h

qcpu_biz >0 720 128 3 no 24 [/ 48h

qcpu_exp <150% of 720 128 4 no 1/1h
allocation max 2 per

user

Fronty planovace clusteru Karolina

Vice informaci na: https://docs.it4i.cz/general/job-priority

Fair-share priority is calculated based on
recent usage of resources. Fair-share
priority is calculated per project, i.e. all
members of a project share the same fair-
share priority. Projects with higher recent
usage have a lower fair-share priority than
projects with lower or no recent usage.

Job priority is calculated as:

10® « queue_priority + 107 = fairshare_priority + 10° = job_age

Vzorec pro vypocet priority ulohy

Zpracovani velkych dat na superpocitacich 37




National Czech
Programme

DOEe0SC

Jak ziskat vypocetni ¢as na LUMI nebo
IB&@H( i@olrir@céz/ge: https://www.it4i.cz/pro-uzivatele/jak-ziskat-vypocetni-cas

« Zamestnanci vyzkumnych « Otevrena soutez IT4l
organizaci CR maiji ¢as dostupny » Pravidelné narodni vyzvy
zdarma » Vyhlasované 3x rocné

« AZ na 36 mésicl
* Institucialni a komunitni pristup
* Rychly a testovaci
« Tématicky

« EuroHPC JU vyzvy
 Regular call (vétsi zdroje, delsi vyhodnoceni)
« Development & Benchmarking (mésic¢ni)

* Pristup je excellence based — je
nutné pozadat o zdroje na zaklade
vyzkumného zameru

« Komercni vyuziti je mozne taktéz

Zpracovani velkych dat na superpocitacich 38
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DOEe0SC

Chcete pocitat ihnned?

https://www.itdi.cz/pro-uzivatele/jak-ziskat-vypocetni-cas

» Podejte zadost do Rychlého a S
testovaciho pristup — tzv. Fast Track R
Access (FTA)

* Rozhodnuti max. do 7 dni od podani

« Maximalni délka alokace 4 mésice

Technical readiness:

Computational resources justification:

Zpracovani velkych dat na superpocitacich

39



Chogenme | I EOSC

Platforma LEXIS

»*+. | Spolufinancovano I\[<§T MUNTI Registracnicislo IPs EOSC-CZ
.+ | Evropskou unii ICS  Cz0201.01/00/22 004/0007682

* 4k

MINISTERSTVO SKOLSTVI,
MLADEZE A TELOVYCHOVY




How to supercompute?

Pick a supercomputer

Fill out a request for allocation

Get it approved

Set up an account

Set up a SSH key

Know how to use Linux terminal
Login in to the Supercomputer
Learn how to launch jobs in SLURM
Learn about modules

Learn about storages and data transfer
... finally compute something

VSB TECHNICAL ITAINNOVATIONS
” ” UNIVERSITY | NATIONAL SUPERCOMPUTING
| OF OSTRAVA CENTER

XIS:

PlatForm

Tour pub RSy 1105 Dec
The key fingerprint is:

SHA256: fFp7L5cfGTOjmWRILITVVWHRICZUR
The key's randomart image is:
+---[RSA 3072]----+

| ...0+=001

| L
| . ...ol
| ..ol

...running on Rocky 8.X

Public Service Announcement: Apptainer on the Karolina cluster
Posted: (2024-05-10 10:23:47)

Apptainer is now a part of the operating system, you do not need to load the
module.

$ apptainer --version
apptainer version 1.3.1-1.el8

Last login: Mon May 27 10:05:28 2024 from 89.24.247.60
[mgolas@loginZ.karolina ~]$ I
” ” UNIVERSITY | NATIONAL SUPERCOMPUTING
l OF OSTRAVA CENTER



23 LEXIS:

Easy and Safe access Platform

25 portal.beta.lexis.tech/c

8 = Y Prject Fiter om0 Mamm.awi
*  Allocations at one place *I

*  Across multiple clusters |
*  Launch applications with a single button *

. Let’s have a nice web interface

Ehpesw24 | Ligategeneral

*  Getlogs
*  Manage data in iRODS

a
e

Test Container i Quantum Al Test Container

O]
[

s LEXIS =

HRCS
] _
. Use common web login ‘
: L ig z
H scation 3.
° a n d a ny o re & Dashboard - e :§§§ = A QTG T ligatege.. € [ eurofpde| =
m m =
Python Animals Al Example
= Data Sets . ¢ Y
Home > Workflows genWF_Federated_3 wmnc.j ".

8 Applications

Visit for more: % vt

8 Projects iRODS LRZ iRODS

docs.lexis.tech oo | : — = -

4 o o 2 Users Management iRODS LRZ OWSeu  iRODS| 8
opencode.it4i.eu/lexis-platform =
° ° & Providers Cirrus HPCC) 2%
o o Leonardo HPCC
[ ] ‘ =
LocalCluster Tartu
£ Resource Management L e
zve2 HPC Cf

LRZ Linux cluster 2 HPCLL &

& Documentation
LUMI HPC C

ITdI Staging Area  ITdI St

[Z] README.md -

[

py4lexis | — e ==

Package py4lexis provides functions to manage
ITAINNOVATIONS
Python package, i.e. by TUS Client. VSB TECHNICAL ITAINNOVATIONS

NATIONAL SUPERCOMPUTING |||| UNIVERSITY | NATIONAL SUPERCOMPUTING
CENTER | OF OSTRAVA | CENTER

VSB TECHNICAL
” ” UNIVERSITY
OF OSTRAVA




LEXIS Platform

LEXIS Portal for Easy Access to HPC Infrastructure

AAIl & Resources
Management

LEXIS Platform Core

External Repositories

LEXIS APIs

Distributed Data Infrastructure Core

(LEXIS

DDI)

Workflow Management and Orchestrator
(LEXIS Orchestrator)

Index with DataSet
Metadata

m» elasticsearch
-

DataSet
Access &
Management

& KEYCLOAK AAl

Workflow Executions

Workflow Templates Management

Orchestrator

Airflow

_
_
Data Repository
\-._,____—_______,_/

N—.____—______/
e
Container Repository
(e.g. DockerHub)
\_,___________,_/

—_
—_—
“'—.____—___,__-’
Code Repository

(e.g. GitLab, GitHub)
"-._.____—________/

—
e——
Other EUDAT

Sites/Services

HPC Site

HPC Site

HPC Site

iRODS

HPC-as-a-Service
REST API @ Distributed Data
5 |nfrastructure Area
HPC

Cloud

=

Storage

.l IL

I((O

HPC-as-a-Service
REST API @ Distributed Data
S nfrastructure Area

i_RODS

iRODS

Quantum

4 2 S h—____f
HPC-as-a-Service | |
REST API @ Distributed Data
S |Unfrastructure Area
HPC

Al HPC

[ =]
-
-

-
-
-

%R

-
L]
-—

e

%?%

e

23 LEXIS:

PlatfForm

Federation of European
computing centres

Hiding of technical and
operational differences across
organizations

HPC & Cloud service providers,
Data providers

Unified & distributed data
management

Orchestration

Federated Authentication &
Authorization Infrastructure
(AAI)

VSB TECHNICAL ITAINNOVATIONS
|| || UNIVERSITY | NATIONAL SUPERCOMPUTING
| OF OSTRAVA CENTER




LEXIS Platform

22 LEXIS:

XIS =

Platform

by

Y Project Filter

Home > Workflows Workflow Executions
€ Dashboard
£ Data Sets
Details Progress
23 Applications
" Work
( ) ( |

B Projects
dministration Management
2 Users Management [ (e )
™ Providers
@ Locations =
£ Resource Management

)

Actions relating to management of Workflows and Workflow
Executions

workflowManagement

ciag /workflow Return list of available LEXIS Workflows

/workflow Create a new LEXIS Workflow on the system
Jworkflow/{workflowId} Retum detailed info on LEXIS Workflow for given Workflow ID
m /workflow/{workflowId} Delete LEXIS Workflow on the system

GE /workflow/{workflowId}/execution Listthe curent available LEXIS Workflow Executions.

| /workflow/ {workflo"IId}/exeCUtlon Workflow Execution by providing remaining inputs

Returns LEXIS Workflow Execution

/workflow/{workflowId}/execution/{workflowExecutionId} A

TODO: Needs implemented with TOSCA 1.3 Capabilitise. Create a new LEXIS

PlatForm

!0 ®E O= & Martin Golasowski
[F) README.md

py4lexis

Package pydlexis provides functions to manage datasets within the LEXIS platform. Uploading datasets' files is performed by tuspy
Python package, i.e. by TUS Client.

Install

We recommend 1o use virtual environment, e.g.:
Web portal e o ven Jven

ivated virtual environment, type:

W -m pip install pyé4lexis

Python
library

Public
REST
API

rare_data():
pared = WRF_EXEC_PARAMS
epared[ "1 t t 1C ] = datetime.datetime.now().str
SPIre .{“"‘."V"I r Dr 14 ing 10T x “.‘.-"' i
return prepared

Terminal
based
interface

def submit_wf_execution(token):

res = requests.post(LEXIS_API + WORKFLOW_ID + '/execution',
json = prepare_data(),
headers = {'Aut t

listWorkflow™

' + token})
createWorkflowE y
xecution if res.status_code !=

logger.error(res.content)

getWorkflowExecutionDe return

tail
return res.json()

Cancel a LEXIS Workflow
Execution.

m /workflow/{workflowId}/execution/{workflowExecutionId}

VSB TECHNICAL ITAINNOVATIONS
|| || UNIVERSITY | NATIONAL SUPERCOMPUTING
| OF OSTRAVA CENTER

cancelWorkflowExecutio artins-MacBook-Pro (developﬁ'

——————————————————————————————————— | 30.0% Uploaded
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LEXIS Platform

Selected use-cases

LIGATE Project . LIGATE

Application for molecular docking simulation — private IP by DOMPE
LEXIS provides access to workflows with this application running on HPC
Without direct access to the binary or source code

OpenWebSearch.eu .
European open web index processed through LEXIS on several HPC locations * ”‘*
(LRZ, IT4l, CSC, DLR) ¥* Open WebSearch
Public indices made available trhough the LEXIS Portal **4 *x* o

VSB TECHNICAL ITAINNOVATIONS
|| || UNIVERSITY | NATIONAL SUPERCOMPUTING
OF OSTRAVA | CENTER



LEXIS Platform

Dompé

DOMPE has its own code co-developed with POLIMI & CINECA

DOMPE LiGen code IP does not allow to share LiGen SW (even binary)

DOMPE would like to extend its customer base thanks to LEXIS Platform and EuroHPC
infrastructure without losing IP

DOMPE would like to make available LiGen to non-profit academic research and public
institutions as a Platform-as-a-Service solution for drug discovery

LIGATE

VSB TECHNICAL ITAINNOVATIONS is ILANO 1863

|| || UNIVERSITY | NATIONAL SUPERCOMPUTING
OF OSTRAVA CENTER



LEXIS and EXA4MIND Platforms Integration Plan
B3 LEXIS: <« ExA4UMIND

PlatForm
. HPC Parallel FS
= 3
</> T : .
- : @ /> POSIX S3 Objects
User interfaces Resource Workflow Metadata &
RVI\Elg'tI)' igll management orchestration control APIs !!
s
@ Indexes
‘ SQL iRODS
AAl & User Monitoring Smart Distributed Data
\ management scheduling Infrastructure  Data staging and transfer for Extreme Data }

Supercomputing C1E[]

Centre HHHE
Resources C1E[] @

VSB TECHNICAL ITAINNOVATIONS

||| UNIVERSITY | NATIONAL SUPERCOMPUTING Cloud compute HPC Clusters Remote storage

OF OSTRAVA | CENTER



LEXIS Platform

User story - Data update

Dompé
LEXIS Portal for Easy Access to HPC Infrastructure R
@ vrow
AAI & Resources IS Platform Core @ renosns
Management
o RESULT
- LEXIS APIs ] My video dataset 1
- Distributed Data Infrasiiiicture Core Workflow Management and Orchestrator
(LEXIS DDI) (LEXIS Orchestrator)
. - |
DataSet _ 3%5 LEXISL = 'Y Project Filter
Index with Datz’ at Access & Workflow Templates Workflow Executions
Metadat; Management
Management © Dastbond Home > Public > OWI-Open Web Index-main owi@itdi-2024-04-00 > Details > File List
Orchestrator
(AirFlow, YSTIA) = DataSets Lo
+ Uploads
Keycloak AAl = Workflows EJOWI-Open Web Index-Main Owi@It4|-2024-04-09 Cgvear-2024 [gMonth=a
<. Public ‘
B8 Applications
- Refresh
a
HPC Site HPC Site HP( . >
Projects
HPC-as-a-Service HPC-as-a-Service HPC-as-a-Service P — e
REST API x Distributed Data REST AP @ Distributed Data REST API @ 7 ’ e
Infrastructure Area S nfrastructure Area S P —
® Locations
HPC HPC HPC Al HPC
Cloud Quantum
S|=|== === S|=|= ’




LEXIS Platform

User story - Workflow execution

LEXIS Portal for Easy Access to HPC Infrastructure

AAIl & Resources
Management

LEXIS Platform Core

Name

TestRun 1

Input path
Animals Al input

= del19e3b2-8177-11ef-9de3-0242c0a8700a

REST API

HPC-as-a-Service

Set

REST API

Distributed varta
Infrastructure Area

Infrastructure Area

- LEXIS APIs
application_executable_args
Distributed Data Infrastructure Core Workflow Management and Orchestrator animals_dir annots.csy
(LEXIS DDI) (LEXIS Orchestrator)
Output dataset metadata :
. DataSet ;
Index with DataSet Access & Workflow Templates Wor:;;v;:::g:‘ttlons -
Metadata Management o
Orchestrator
(AirFlow, YSTIA)
-
Keycloak AAI _—
Other EUDAT
Sites/Services
HPC Site HPC Site HPC Site
Data e | R N —— . SEDEEEN—

Set ata
Infrastructure Area

e

Al HPC

Quantum

£k

value

Animals Al Video Example 3 output dataset

Home Workflows Animals_Al_Video_Example_3_Workflow

X  Create workflow execution

Workflow Execut

Details Progress
[ ) ([ )




LEXIS Platform User story - Workflow execution m

X  Create workflow execution

Name

LEXIS Portal for Easy Access to HPC Infrastructure

TestRun 1
AAIl & Resources LEXIS Platform Core Input path
Management Animals Al input X

( m del19e3b2-8177-11ef-9de3-0242c0a8700a
LEXIS APIs ’

application_executable_args

Distributed Data Infrastructure Core Workflow Management and Orchestrator animals_dir annots.csy

(LEXIS DDI) (LEXIS Orchestrator)

Output dataset metadata :

- Index with DataSet DataSet Workflow Executions value

Workflow Templates )
Metadata Access & Management title : Animals Al Video Example 3 output dataset

Management 4|
O1 hestrator

(AIrFw, YSTIA)

Home : Workflows Animals_Al_Video_Example_3_Workflow Workflow Execut

- @ O
Keycloak AAI —_— Detals  Progress
Other EUDAT
Sites/Services
e ) (e )
HPC Site HPC Site
e W g == =
HPC-as-a-Service e h '?Sa;f‘ —_— =
REST API | REST API DUISU i REST API A
acture Area Infrastructure Area Infrastructure Area
Al HPC ==
Quantum

E E L1l Compute

£k




LEXIS Platform User story - Workflow execution D

X  Create workflow execution

Name

LEXIS Portal for Easy Access to HPC Infrastructure

TestRun 1
AAIl & Resources LEXIS Platform Core Input path
Management Animals Al input X -

f = de19e3b2-8177-11ef-9de3-0242¢0a8700a
LEXIS APIs ’

application_executable_args

Distributed Data Infrastructure Core Workflow Management and Orchestrator animals_dir annots.cs

(LEXIS DDI) (LEXIS Orchestrator)

Output dataset metadata :

- Index with DataSet DataSet Workflow Executions value

Metadata M:g;e:?nint Workflow Templates Management title : Animals Al Video Example 3 output dataset
9 Orchestrator
(Ail’F'OW, YST'A) Home > Workflows > Animals_Al_Video_Example_3 Workflow > Workflow Execut
- =
Keycloak AAI —_— Detals  Progress
Other EUDAT
Sites/Services
o ) (e )
e )
HPC Site HPC Site HPC Site
e\ g e S g F
HPC-as-a-Servic HPC-as-a-Se i \ . : Data ata ) )
REST API \ g RESTAPI |1 ;| DISHIDHIEE LS ! Set
: = 22 Unfrastructure Area Infrastructure Area

Al HPC
Quantum




LEXIS Platform

User story - Result download

LEXIS Portal for Easy Access to HPC Infrastructure

AAI & Resources tform Core 88 = ¥ Project Fiter
Management P
- LEXIS APIs J _
) Quick_start_project
"
Distributed Data Infrastruc Workflow Management and Orchestrator g
(LEXIS DDI) (LEXIS Orchestrator) 0
D Animals Al Video Example 3 output dataset  project
|ndeX Wlth DataSe ADCacteaSSSet& Workflow Templates Wor:\(;laonwagEex:ZL:‘tgonS ; g Animal Al vodeo example output project
Animals output test 1 roject
Metadata Management ’ el
Orchestrator z
(AirFlow, YSTIA) Total items: 3
E
Uther EUDAI
Sites/Services I
HPC Site HPC Site HPC Site

HPC-as-a-Servi
REST API

HPC

Infrastructure Area

Cloud

- - -
- - -
L] - -

HPC-as-a-Service
REST API

Distributed Data
Infrastructure Area

’ Y
0 [
'
h
R :
N e

HPC-as-a-Service | \‘;
REST API

HPC
Quantum
E E E LLLL

HPC Al HPC
—=1 == ===
—— ————— —— —

Dompé

P " o= M Martin Golasowski

Q =m =
CREATION DATE WORKFLOWNAME WORKFLOWEX|
7th of Oct 2024 09:15:09 Animals_Al_Video_Example_3_Workflow Animals_AI_\
ath of Oct 2024 11:16:16 Animal_workflow_video_example Test_executit
4th of Oct 2024 09:54:55 Animal_WF_test_1 Test.5

Rows per page 10 =

. LIGATE



33 LEXIS:

Airflow integration in LEXIS Platform
Integration with LEXIS APls

@ N

LEXIS

Apache Provider m
Airflow '

DDI, HEApPE,AAI

)
-

HEAppE Template

: Operat
Jobscripts \_ PETATON -

* M
O DAG! lexis_test_dag 1istous - sere st —

CWL =
= == (LEXISAPI
(i — .
Custom Workflow ; Plugin
o AAI, Container/HEAppE g UserOrg
templates
TOSCA

Lo y,

‘ Workflow specification

ITAINNOVATIONS
NATIONAL SUPERCOMPUTING
CENTER

VSB TECHNICAL
” | UNIVERSITY
OF OSTRAVA




Federated execution on 4 HPC clusters at once

228 LEXIS:

Platform

Menu

@& Dashboard

= Data Sets

B8 Applications

"= Workflows

B Projects
Administration Management
& Users Management
i Providers

® Locations

2. Resource Management
Additional

B Documentation

v2.4.3

VSB TECHNLCAL LI14LNNOVAI LUNS

= Y Project Filter

Executed on 4 locations

Home > Workflows > LigenWF_Federated_demo > Workflow Executions > Ligen_4loc_Demo_recording > Details

Details Progress

> LUMI
e ~ ~ Leonardo (CINECA)
= ~ E4 AMD Cluster
E4 % Karolina

—— i Karolina

Postprocess

___________

||||| UNIVERSITY | NATIONAL SUPERCOMPUTING

OF OSTRAVA | CENTER



OpenWebSearch.eu - Public web indexes % LEXIS:

PlatForm

23 portal.beta.lexis.tech,

L EX I S? = Y Project Filter fB "§ O= M Martin Golasowski

PlatForm

Menu

Home > Public > OWI-Open Web Index-main.owi@lrz-2023-12-07 > Details > File List .
¢ Dashboard - Home > Public > OWI-Open Web Index-main.owi@Irz-2023-12-07 > Details

= Data Sets

*  Uploads CJowl-Open Web Index-Main Owi@Lrz-2023-12-07 > [J2023 > [J12 > Copy Id Copy Path File List Delete Download
"2 Workflows
< Public | 1
Refresh . .
— _ T CZERITITTITRR - owi-0pen Web Index-main.owi@Irz-2023-12-07
| Details
"3 Workflows >
B8 Projects 0TI g pr ] e |
. language=aar . language=abk . langu Data Set
Administration Management R L e : S|
Mode:
) Crawlers
2 Users Management 0 o Project:
i B enoueesair ‘ B tensusge=cke 0 o Zone: Common Component: Logging and Monitoring
= Providers | T 2 Data Set

® Locations Crawling queue::Frontier Apps

#. Resource Management

e—— L= ' I Copy-from-Warc H Sitemap-Crawl! ” Exploratory Crawl I

| . language=arg - language=ary - language=arz | | Apache Storm Cluster Cluster Manager

Additional

. language=arc

B2 Documentation

Cloud Infrastructure

. language=ase | . language=asm | - language=ast | . language=ava |

. language=ave | . language=aym ! . language=azb | . language=aze |

e ]

VSB TECHNICAL ITAINNOVATIONS
Il || UNIVERSITY | NATIONAL SUPERCOMPUTING
| OF OSTRAVA | CENTER



FLOREON+

- Uses LEXIS workflows for simulations and
data processing

- Developed since 2006

- Decision support system for crisis
management domain

Hydrology

- Monitoring of hydrological situation and flood
forecasting

Traffic
- Monitoring and modelling of traffic situation
Air quality

- Monitoring of air quality and simulation of the
spread of hazardous substances

Landslides and subsidience

- Tracking of elevation point movements
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. https://floreon.eu
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. . . N
Hydrology and traffic interaction Floreort % LEXPI!&E1

\
v .

L

Ao
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LEXIS Platform Containers & Scripts

23 portal.beta.lexis.tech

Y Project Filter _P'ﬂ O= @ Martin Golasowski

flels]
0600
000

Home

ntainers

82 LEXIS: =

- platform
oo .
] Ligategeneral Meny
Home - Locations
L € Dashboard .
Search by title “r Refresh Create C = DataSets .
J E 88 Applicati - —
1 88 Applications a =m =
f p H NAME DESCRIPTION ENDPOINT TYPE PROVIDERDESCRIPTION ACTIONS
i U | T T A WG S p IRODS LRZ iRODS at LRZ lexis-lrzicat srv Irz.de Storage Leibniz-Rechenzentrum Compute Centre m
W | 7 Mar 2024 21st Of Mar 2024 =
Barbora HPC Cluster Barbora barbora.itdi.cz HPC IT4Innovations Computing Centre
: iRODS LRZ OWSeu  iRODS Zone OWSLRZZONE sikplrz-ows-icat srvmwn.de  Storage Leibniz-Rechenzentrum Compute Centre m
i @ Cirrus HPC Cluster Cifrus login.clrrus.ac.uk HPC EPCC Compute Centre m
1 . . Leanardo HPC Cluster Leonardo login leonardo cineca.it HPC CINECA Computing Centre m
| £
LocalCluster Tartu testing instance https:/fheappe-1.cloud.utee  HPC Puhuri testing provider m
ZVe-2 HPC Cluster Alveo 10.12.0.11 HPC 1BM Computing Centre m
LRZ Linux cluster2  HPC Linux Cluster CoolMUC-2  Ixlogind.lrz.de HPC Leibniz-Rechenzentrum Compute Centre m
‘ Python Animals Al Example == LUMI HPC Cluster LUMI lumi.cse.fi HPC LUMI Computing Gentre m
| 12th Of Mar 2024 G IT41 Staging Area  |T4l Staging Area staging Storage IT4Innovations Computing Centre m
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LEXIS

XIS

Platform
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o211

@ Dashboard

= Data Sets

28 Annlication
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& Containers

HPC Applications

"8 User Workflows

B Custom HPC Job

"8 Workflows

B Projects

t

& Users Management

Providers

@ Locations

I~

Resource Management

Additional

M Documentation

Platform

= Y Project Filter

Home Custom HPC Jobs EESSI Demc Pl using

o Worfklow name and project

Name

Compute PlinR

Jobscript showcase
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EESSI

EUROPEAN ENVIRONMENT FOR
SCIENTIFIC SOFTWARE INSTALLATIONS

P.‘[: Ow M Martin Golasowski ‘ '

Run custom R script

Use common EESSI HPC
module

Workflow & output in GUI

jobscript.sh

n

Y Project Filter

Home Custom HPC Jobs Workflow Executions
Crm— ) ((o— )

188} INFO - https://www.gnu.org/licenses/.
188} INFO - Estimated Pi: 3.140@8

188} INFO - Pi estimate has been written to output/pi_estimate.txt
- Success criteria met. Exiting.
() (ommmmsmes )




Al workflow demo with Python in Apptainer

==

vvvvvv

Check it out!

Urgent computing federated workflow execution

Check it out!

23 LEXIS:

PlatForm

www.lexis.tech

docs.lexis.tech

portal.lexis.tech

VSB TECHNICAL ITAINNOVATIONS
|| || UNIVERSITY | NATIONAL SUPERCOMPUTING
| OF OSTRAVA CENTER


https://youtu.be/4y_KSdi82jo?si=xeuDNkRo3xpE4TfM
https://youtu.be/_Hi3O_FchS0?si=lRi33xq-dEc92owT
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Apache Airtlow

Data orchestration tool
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DOEe0SC

Data orchestration

Data orchestration is the process of

taking siloed data from multiple data
storage locations, combining and
organizing it, and making it available
for data analysis tools. It can also
include tasks like provisioning

resources and monitoring.

Data Pipelines, Workflows, Jobs

CR Ipts
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Apache Airtlow
Extract step (o >

Started in October 2014 by Maxime Beauchemin at Airbnb + Runlongsal query
Apache top-level project since 2019 * Stageresulttoa POSIX file
Transform step (> —
Python based data orchestrator + Run long running HPC job
Workflow defined as Python code «  Simulation / Analysis
Integrations with many APIs, DBs, services... PR
Load step (> —

Easy to deploy and use * Stage results back
* Storein SQL

* Create new Dataset

Nice web Ul

Complete REST API -
§/ EXAHMIND
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Motivation

« An online store needs to have a daily report of its customer demography and sold
products

« Multiple live databases (SQL, Elastic..)

 Proprietary payment platform sends daily report in CSV

» Boss needs a live dashboard and a nice Power Point for daily meetings
» Operators will get an e-mail and Slack message when the report is ready

 Daily index of the internet for up-to-date search engine
* Internet is being crawled daily to TBs of files
- Data needs to be filtered, URLs identified, normalised...
* Index has to be uploaded daily to a dedicated server (GBs)



What data pipeline should do...
s> Source |l o Ingest [ Store | [#) Publish @ Consume

Orchestrate

Apps File Ingest Tasks Feature Advanced

beiiEloa Batch Store Analytics

Processing )

Data Bl

Databases ) API Ingest ) Data )
Catalog

Warehouse Analytics

Batch

Fil
e Ingest

Realtime Realtime

Data Lake Machine o A
Learning S PPS
Stream

Ingest Stream
Processing

@ Management
Metadata ' Governance | Privacy | Protection | Master Data

Source: https://airflowsummit.org




What the tool for the data pipeline should do...

Triggers
Schedule Dependency

Task Definitions Actions via Ul, API, CLI

—2p HEHINDD

Dependent
Parallel

|
Integrations

Data base | Data Warehouse | Data Lakes | Files Stores |
Compute | 3P Tools | APIs | More..

Source: https://airflowsummit.org

Anywhere

Available

Scalable

Reliable

Secure

Cost
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DEKUJji za pozornost.

Kontakt: Martin Golasowski <martin.golasowski@vsb.cz>
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