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CESNET in a nutshell

[ | C ES N ET is https://www.cesnet.cz/ https://www.e-infra.cz/

= An association of Czech universities and the Academy of Sciences that
operates a high-speed national e-infrastructure dedicated to science,
research, and education

= Available to the academic and research community in the Czech Republic
(CESNET members)

= Part of the e-INFRA CZ e-infrastructure



CESNET in a nutshell

u CESN ET Of'fers (for ind|V|dua|S) https://www.cesnet.cz/en/services

= NG| MetaCentrum for complex calculations and scientific data processing

https://www.metacentrum.cz/en/

u Data Storage for Storing SCientiﬁC data https://docs.du.cesnet.cz/en/docs/introduction/introduction
= OwnCloud service for data synchronisation and sharing
https://du.cesnet.cz/en/navody/owncloud/start

u Fi|eSender for temporary data eXChange https://du.cesnet.cz/en/navody/filesender/start

= ZOoOm p|atform for Web Conferences https://vidcon.cesnet.cz/cs/app/ac/zoomterms






e-INFRA CZ

- e_l N F RA CZ https://www.e-infra.cz/ https://www.vyzkumne-infrastruktury.cz/

» Large research infrastructure
» E-infrastructure for research and development in the Czech Republic

» Provides capacities and resources for the transmission, storage and
processing of scientific data

» Supercomputing, grid and cloud computing, secure high-capacity distributed
data storage, software tools

s Consortium of CESNET + CERIT-SC + IT4lnnovations



A complete overview of e-INFRA CZ services e-INFRA CZ

- e_l N FRA CZ https://www.e-infra.cz/ https://www.vyzkumne-infrastruktury.cz/

» Large research infrastructure
» E-inffastructure for research and development in the Czech Republic

» Prov|des capacities and resources for the transmission, storage and
processing of scientific data

» Supgrcomputing, grid and cloud computing, secure high-capacity distributed
data|storage, software tools

s Consgortium of CESNET + CERIT-SC + IT4lnnovations

https://docs.e-infra.cz/




MetaCentrum in a nutshell

- M eta Ce ntru m Is https://www.cesnet.cz/ https://www.metacentrum.cz/

https://www.e-infra.cz/ https://docs.metacentrum.cz/

= A national grid infrastructure (NGI)
= The activity of the CESNET association
» Part of the e-INFRA CZ e-infrastructure

= A provider of computational resources, application software (both commercial
and free/open source) and data storage

= Available to the entire academic and research community (employees and
students) in the Czech Republic

» Free of charge (users 'pay' by acknowledging the project '‘e-INFRA CZ
ID:90254" in their publications)

= Secured and trustful service

https://docs.metacentrum.cz/en/docs/access/terms#acknowledgements-and-publications



MetaCentrum in a nutshell

https://www.cesnet.cz/ https://www.metacentrum.cz/

» MetaCentrum is
= A national grid infrastructure (NGI)
= The activity of the CESNET association
» Part of the e-INFRA CZ e-infrastructure
= A provider of computational resources, application software (both commercial
and free/open source) and data storage

m Available to the entire academic and research community (employees and
students) in the Czech Republic

https://www.e-infra.cz/ https://docs.metacentrum.cz/

m Free of charge (users 'pay' by acknowledging the project 'e-INFRA CZ
ID:90254" in their publications)

m Secured and trustful service

https://docs.metacentrum.cz/en/docs/access/terms#acknowledgements-and-publication
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MetaCentrum in a nutshell

| M eta Ce ntru m Of‘fe rs https://www.cesnet.cz/ https://www.metacentrum.cz/

https://www.e-infra.cz/ https://docs.metacentrum.cz/

= Access without the grant competitions
» The possibility to apply for membership at any time
= Access to all resources without submitted projects (with one exception)

» Immediate access to hardware resources and licences (once an application
has been approved)

» Grid (shared) usage principle (privileged access for cluster owners)

» CPU/GPU resources, CLI access, GUI applications, Kubernetes and cloud
services, etc.

= Various application software (commercial, free and open source)

» Sharing data within a group



MetaCentrum in a nutshell

| M eta Ce N t rum O'H:e rs https://www.cesnet.cz/ https://www.metacentrum.cz/

https://www.e-infra.cz/ https://docs.metacentrum.cz/

= Access without the grant competitions
» The possibility to apply for membership at any time
= Access to all resources without submitted projects (with one exception)

» Immediate access to hardware resources and licences (once an application
has been approved)

» Grid (shared) usage principle (privileged access for cluster owners

s CPU/GPU resources, CLI access, Collaborating industry users and foreign research

services. etc partners can also get access to MetaCentrum.

This includes only non-profit and public research.
= Various application software (co They can do so upon individual request.

» Sharing data within a group



MetaCentrum in a nutshell

- M etace ntru m cann Ot h e | p With https://www.cesnet.cz/ https://www.metacentrum.cz/

https://www.e-infra.cz/ https://docs.metacentrum.cz/

= Purely commercial research

» Allocating resources for a fee

» Long-term and secure storage of valuable data (i.e. data archiving) htps//ducesnetc
» Providing extreme amounts of resources to individual tasks

» Processing sensitive data (Kubernetes Sensitive Cloud within
e-INFRA CZ, coordinated by CERIT-SC) https://www.cerit-sc.cz/

= Tools whose installation or use would violate the licence terms
= Windows OS









Kubernetes orchestrator of
Docker images, Rancher
dashboard (also CLI), GUI

environment, Al

A job scheduler and
hardware allocator for
users' jobs

Virtual machine
management infrastructure,
CLI environment

One application to rule them all

https://docs.metacentrum.cz/en/docs/welcome

Modular
A classic command applications,
line environment =) Apptainer images,
(CLI), Linux system local installations,
NGC, LLM

User-controlled
platforms, web

interface (GUI)
HPC systems web

interface, remote access

Web platform for
interactive programming

Web platform for
various data
processing
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https://docs.metacentrum.cz/en/docs/access/account

Submitting an application

https://docs.metacentrum.cz/en/docs/access/terms

= Anytime during the year, manual approval

= Log in through the institution (i.e. local name and password) from the

edulD federation

= Accounts are valid until 2 February
of the following year

= Accounts are renewed in January

= Immediate access to hardware
resources

= Partner access by prior arrangement




Most new applications are approved

within one or two working days Smelttlng an appllCathn

Choose your home institution man uaI d pproval

ution (i.e. local name and password) from the

edulD federation g A

= Accounts are valid until 2 February
of the following year

» Accounts are renewed in January

= Immediate access to hardware
resources [ ]

= Partner access by prior arrangement




htty

= Anytime during the year, manual approval

= Log in through the institution (i.e. local name and password) from the

edulD federation

= Accounts are valid until 2 February
of the following year

= Accounts are renewed in January

= Immediate access to hardware

resources

= Partner access by prior arrangement



Use local credentials (local username

and password)

» Anytime during the year, manual approval

» Log in through the institution (i.e. local n
edulD federation

= Accounts are valid until 2 February
of the following year

» Accounts are renewed in January

= Immediate access to hardware
resources

= Partner access by prior arrangement

Submitting an application

ame and password) from the







Link your account to ORCID

= Link your e-INFRA CZ account to ORCID

» The future of national computing and storage services depends on
demonstrating that researchers are truly using them

= Currently, much of the valuable research output of e-INFRA CZ/MetaCentrum
users is 'invisible' to our funders

= We are developing a new automated system that will harvest users'
publications

» Users only need to link their ORCID iD and use the correct
acknowledgement in their publications.

= This can easily be done in the e-INFRA user profile

https://www.e-infra.cz/en/news/link-your-e-infra-cz-account-to-orcid-a-small-step-for-smarter-impact-reporting



How to use it

Kubernetes orchestrator of https://docs.metacentrum.cz/en/docs/welcome

Docker images, Rancher

dashboard (also CLI), GUI Modular
environment, Al A classic command applications,

line environment mmm) Apptainer images,
A job scheduler and h (CLI), Linux system local installations,
hardware allocator for NGC, LLM
users' jobs ) User-controlled

platforms, web
interface (GUI)

Virtual machine
e HPC systems web
management intrastructure, .

9 . interface, remote access
CLI environment

Web platform for

interactive programming
Web platform for
various data
processing



Grid (batch) computing

» Grid computing (OpenPBS scheduler)
» Centrally managed HTC/HPC clusters
» Classic command line environment (CLI)
» GUI platforms
= The 'most powerful' environment
» Long batch jobs (days/weeks)
= Interactive jobs

= Parallel and multi-node computing
= GPU acceleration (NVIDIA H100)

https://docs.metacentrum.cz/en/docs/welcome



MetaCentrum provides access to hundreds of software

tools giving thousands of individual modules Licence models

= We can run almost anything that doesn't violate the licence terms and is for Linux

- Most application Sof'tware is Open source, but https://docs.metacentrum.cz/en/docs/software

Paid licence

TURBOMOLE

For registered For all

individuals users

Free licence



Open OnDemand

» Open OnDemand

https://ondemand.metacentrum.cz/

= Web application on top of
OpenPBS scheduler

= Running (not only) GUI applications




Open OnDemand

» Open OnDemand

https://ondemand.metacentrum.cz/

= Web application on top of
OpenPBS scheduler

= Running (not only) GUI applications




MetaCentrum users can also log in using the 'e-INFRA CZ

password' option with their MetaCentrum username and password Open OnDemand

= Open OnDemand

https://ondemand.metacentrum.cz/

» Web application on top of
OpenPBS scheduler

= Running (not only) GUI applications




MetaCentrum users can also log in using the 'e-INFRA CZ

password' option with their MetaCentrum username and password Open OnDemand

= Open OnDemand

https://ondemand.metacentrum.cz/

» Web application on top of
OpenPBS scheduler

= Running (not only) GUI applications




Open OnDemand

» Open OnDemand

https://ondemand.metacentrum.cz/
= Web application on top of CJ
OpenPBS scheduler

= Running (not only) GUI applications

https://docs.metacentrum.cz/en/docs/software/sw-list/matlab



MATLAB, the language of engineers and scientists, is a

programming and numeric computation environment for Open On Demand

algorithm development, data analysis, and visualisation

= Open OnDemand

https://ondemand.metacentrum.cz/

» Web application on top of
OpenPBS scheduler

= Running (not only) GUI applicatjons




» Open OnDemand

Open OnDemand

https

//ondemand.metacentrum.cz/

» Web application on top of

C
= R

penPBS scheduler
unning (not only) GUI applications




Open OnDemand

= Open OnDemand

lﬁ++r\c'//r\nr~lamanr~| motacantriimm ~7/
S 7

= Web application on top of
OpenPBS scheduler

= Running (not only) GUI applications

























Open OnDemand

» Open OnDemand

https://ondemand.metacentrum.cz/

= Web application on top of
OpenPBS scheduler

= Running (not only) GUI applications

https://docs.metacentrum.cz/en/docs/software/sw-list/rstudio

https://docs.metacentrum.cz/en/docs/software/sw-list/r



R is a software environment for

statistical computing and graphics

= Open OnDemand

https://ondemand.metacentrum.cz/

» Web application on top of
OpenPBS scheduler

= Running (not only) GUI applic

ations

Open OnDemand




= Open OnDemand

https://ondemand.metacentrum.cz/

= Web application on top of

OpenPBS scheduler

= Running (not only) GUI appli

cations

Open OnDemand




» Open OnDemand

https://ondemand.metacentrum.cz/

= Web application on top of
OpenPBS scheduler

= Running (not only) GUI applic

ations

Open OnDemand




» Open OnDemand

https://ondemand.metace

= Web applicat

1trum.cz/

ion on top of

OpenPBS scheduler

= Running (not

nnly) Gl alnlnlira

10NS

Open OnDemand






















+ 4+ + 4+ 4+ +++VVVVVVH+4+VVVVVVV+++VVVYV

library(pheatmap)

# nacteni dat

data <- read.delim("Abundan_partial.txt",
sep = "\t",
header = TRUE,
stringsAsFactors = FALSE)

# nastaveni rownames
rownames(data) <- data$PG_ID
data$PG_ID <- NULL

# prevod desetinne carky na tecku
data[] <- lapply(data, function(x) {
as.numeric(gsub(",", ".", x))

)

# log transformace (bezpecna pro nuly)
data_log <- logl@(data + 1)

# vykresleni heatmapy

pheatmap(
data_log,
scale = "row", # normalizace v ramci radku
clustering_distance_rows = "euclidean",
clustering_distance_cols = "euclidean",
clustering_method = "complete",
fontsize = 8,
main = "Protein abundance heatmap"




+ 4+ + 4+ 4+ +++VVVVVV+4+VVVVVVV+++V VVYV

library

# nacte
data <-

# nasta

rowname
data$PG

# prevo
data[]
as.

i)

# log t
data_lo

# vykre
pheatma
dat
sca
clu
clu
clu
fon
mai

(pheatmap)

ni dat

read.delim("Abundan_partial.txt",
sep = "\t",
header = TRUE,
stringsAsFactors

FALSE)

yeni rownames
s(data) <- data$PG_ID
[ ID <- NULL

|l desetinne carky na tecku
k- Llapply(data, function(x) {
humeric(gsub(C",", ".", x))

) b

ransformace (bezpecna pro nuly)
j <- logl@(data + 1)

5leni heatmapy
p(

n_log,

le = "row", # normalizace v ramci radku
stering_distance_rows = "euclidean",
stering_distance_cols = "euclidean",
stering_method = "complete",

fsize = 8,

n = "Protein abundance heatmap"




+ + + ++ ++ +VV VVVYV 4+ +VVVVVVYV + + +V V VY

library

# nacte
data <-

# nasta
rowname
data$PG

# prevo
data[]
as.

i)

# log t
data_lo

# vykre
pheatma
dat
sca
clu
clu
clu
fon
mai

(pheatmap)

ni dat

read.delim("Abundan_partial.txt",
sep = "\t",
header = TRUE,
stringsAsFactors = FALSE)

yeni rownames

s(data) <- data$PG_ID

 ID <- NULL

d desetinne carky na tecku

<- lapply(data, function(x) {

numeric(gsub(",", ".", x))

ransformace (bezpecna pro nuly)

g <- logl@(data + 1)

5leni heatmapy

0(

n_log,

le = "row", # normalizace v ramci radku

stering_distance_rows = "euclidean",

stering_distance_cols = "euclidean",

stering_method = "complete",

tsize = 8,

n = "Protein abundance heatmap"




Open OnDemand

» Open OnDemand
https://ondemand.metacentrum.cz/ C)

= Web application on top of
OpenPBS scheduler

= Running (not only) GUI applications




ANSYS is engineering simulation software that integrates

the physics of structural, fluid and electromagnetic

systems to model real-world behaviour

Open OnDemand

= Open OnDemanad

https://ondemand.metacentrum.cz/

» Web application on top of
OpenPBS scheduler

= Runnind (not only) GUI applications

https://docs.metacentrum.cz/en/docs/software/sw-list/ansys



Open OnDemand

=« Open OnDemand
https://ondemand.metacentrum.cz/ C)

= Web application on top of ( )
OpenPBS schefuler

= Runnind (not oply) GUI applications

https://docs.metacentrum.cz/en/docs/software/sw-list/ansys




Open OnDemand

» Open OnDemand
https://ondemand.metacentrum.cz/ C)

= Web application dn top of ( )
OpenPBS scheduler

= Runnind (not ohly} GUI applications

https://docs.metacentrum.cz/en/docs/software/sw-list/ansys




=« Open OnDemand

https://ondemand.metacentfu

Im.cz/

» Web applicatipn an top of

OpenPBS sche¢
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https://docs.metacentrum.cz/en/docs/software/sw-list/ansys
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Open OnDemand

» Open OnDemand

https://ondemand.metacentrum.cz/

= Web application on top of
OpenPBS scheduler

= Running (not only) GUI applications

= Browsing storages (tab 'Files')



» Open OnDema

Open OnDemand

nd

https://ondemand.metacentrdm.cz/

» Web applicatign on top of
OpenPBS scheduler

= Running (not only) GUI apy

= Browsing storalges (tab "Fi

>!|cat|§ns

es")







OnDemand is suboptimal for S3 operations.

Consider using a third-party FTP client instead.




Upload data from the local computer




Open OnDemand

» Open OnDemand

https://ondemand.metacentrum.cz/

= Web application on top of
OpenPBS scheduler

= Running (not only) GUI applications

= Browsing storages (tab 'Files')

» Command line (tab 'Clusters')



Open OnDemand

» Open OnDemand

https://ondemand.metacentrum.cz/

» Web application on top of
OpenPBS scheduler

= Running (not only) GUI applications

= Browsing storages ((tab "Files")

» Command line (tab "Clusters")







Open OnDemand

» Open OnDemand

https://ondemand.metacentrum.cz/

= Web application on top of

OpenPBS scheduler
= Running (not only) GUI applications [:]

= Browsing storages (tab 'Files')
» Command line (tab 'Clusters')

» Launch a virtual desktop (MetaCentrum Desktop app)



» Open OnDemand

https://ondemand.metacentrum.cz/

= Web application on top of
OpenPBS scheduler

= Running (not only) GUI applications

= Browsing storages (tab 'Files')
» Command line (tab 'Clusters')

» Launch a virtual desktop (Meta

Open OnDemand

(

Centrum Desktop app)




Open OnDemand

» Open OnDemand

https://ondemand.metacentrufn.cz/

» Web application on top of
OpenPBS scheduler

= Running (not only) GUI applications

= Browsing stora és (tab 'Files') J

» Command line (tab "Clusters’)

» Launch a virtual desktop (MetaCentrum Desktop app)



Geneious is a comprehensive, user-friendly bioinformatics software for

molecular biology and DNA, RNA and protein sequence analysis




Unfortunately, our latest version is 7.1.5 (2014)























































All GUI applications can be launched

using MetaCentrum Desktop













Open OnDemand

» Open OnDemand

https://ondemand.metacentrum.cz/

= Web application on top of
OpenPBS scheduler

= Running (not only) GUI applications

= Browsing storages (tab 'Files')
» Command line (tab 'Clusters’)
» Launch a virtual desktop (MetaCentrum Desktop app)

= Running virtual machines (OpenStack) and Docker images (Kubernetes on
OpenStack), tab 'Interactive Apps'



Open OnDemand

» Open OnDemand

https://ondemand.metacentrum.cz/

= Web application on top of
OpenPBS scheduler

= Running (not only) GUI appli¢ations
= Browsing storages (tab 'Files/)
» Command line (tab 'Clusters|)
» Launch a virtual desktop (MetaCentrum Desktop app)

= Running virtual machines (OpenStack) and Docker images (Kubernetes on
OpenStack), tab 'Interactive Apps'




Jupyter Notebook in Open OnDemand

» Jupyter Notebook

https://ondemand.metacentrum.cz/

= Web-based interactive environment
mixing code, text, and visuals

» Excellent for step-by-step data

analysis, machine learning, and prototyping
» Supports many languages (Python, R, Julia)
» Embeds plots, widgets, and equations directly
» Promotes reproducible, shareable work via version control and exports

» Also accessible in the Kubernetes service (with Claude Code)

https://docs.cerit.io/en/docs/web-apps/jupyterhub



Jupyter Notebook in Open OnDemand

» Jupyter Notebook

https://ondemand.metacentrum.cz/
» Web-based interactive environment

mixing code, text, and visuals

» Excellent for step-by-step data

analysis, machine learning, and prototyping
» Supports many languages (Python, R, Julia)
» Embeds plots, widgets, and equations directly
» Promotes reproducible, shareable work via version control and exports

» Also accessible in the Kubernetes service (with Claude Code)

https://docs.cerit.io/en/docs/web-apps/jupyterhub



Jupyter Notebook in Open OnDemand

» Jupyter Notebook

https://ondemand.metacentrum.cz/

= Web-based interactive environment
mixing code, text, and visuals

» Excellent for step-by-step data

analysis, machine learning, and prptotyping

J 0|

= Supports many languages (Pythor), R, Julia)
» Embeds plots, widgets, and equations directly
= Promotes reproducible, shareable work via version control and exports

= Also accessible in the Kubernetes




Jupyter Notebook in Open OnDemand

» Jupyter Notebook

https://ondemdnd.metacentrum.cz/

= Web-bhsed interactive environment
mixing|code, text, and visuals

» Excellgnt for step-by-step(data

analysis, machine learning, and prototyping

= Supports many languages (Python, R, Julia)
» Embeds plots, widgets, and equations directly
= Promotes reproducible, shareable work via version control and exports

» Also accessible in the Kubernetes service (with Claude Code)

https://docs.ceritio/en/docs/web-apps/jupyterhub













https://docs.cerit.io/en/docs/web-apps/jupyterhub#claude-code-in-jupyter-notebook



Galaxy

= Galaxy

https://usegalaxy.cz/

= National instance hosted by MetaCentrum

= Web application based on OpenPBS

= A system for complex data analysis,

workflow creation and sharing and teaching

= Processing of '-omic' data, LLM, ML, material science, ecology, chemistry,
statistical analysis and humanities studies, and more

= Users do not need to worry about hardware reservation

























































https://training.galaxyproject.org/
















How to use it

Kubernetes orchestrator O? https://docs.metacentrum.cz/en/docs/welcome

Docker images, Rancher

dashboard (also CLI), GUI Mod.ular.
environment, Al ) A classic command applications,
line environment mmm) Apptainer images,

A job scheduler and (CLI), Linux system local installations,
hardware allocator for NGC, LLM
users' jobs User-controlled

\ platforms, web
Virtual machine interface (GUI)

HPC systems web

management infrastructure, :
interface, remote access

CLI environment

v,

Web platform for

interactive programming
Web platform for
various data
processing



Web hosti b d, but .
SRR B S S Ety B Kubernetes Container Platform

please discuss this in advance

u KU b ern eteS https://docs.cerit.io/en/docs/platform/overview

» Open-source container orchestration engine that automates the deployment,
scaling and management of containerised applications

= A Docker image is an essential part of container infrastructure. It contains an
application and all its necessary components, such as libraries and other files

https://docs.cerit.io/en/docs/news

Rancher apps v
Rancher Applications
Ansys
Desktop

Matlab

Minio




Web hosti b d, but .
SRR B S S Ety B Kubernetes Container Platform

please discuss this in advance

u KU b ern eteS https://docs.cerit.io/en/docs/platform/overview

» Open-source container orchestration engine that automates the deployment,
scaling and management of containerised applications

= A Docker image is an essential part of container infrastructure. It contains an
application and all its necessary components, such as libraries and other files

https://docs.cerit.io/en/docs/news

Rancher apps v

Rancher Applications

Ansys
Desktop

Matlab

Minio







It can also run as a batch job in the FOldlfy

MetaCentrum grid infrastructure

u FO | d |fy https://docs.cerit.io/en/docs/web-apps/foldify

= A web application based on the Alphafold tools
C )













Email notification when the

calculation is complete










Chat Al (LLM models)

[ | AI ChatbOt (Open WGbUl, LLMS) https://docs.cerit.io/en/docs/ai-as-a-service/chat-ai

https://chat.ai.e-infra.cz/
» The Al-powered chatbot interface runs strictly on local hardware

= Open WebUl itself logs at the 'INFO' level by default, meaning that request/
response data is not logged

= Only system administrators have access to these logs, which are not
transmitted anywhere else

» Image generator and picture editor included
» Can extract text from images
= Programming languages proficiency

= Visit documentation for the description of available models



You can select any available
model and view its notes

The primary uses of different

models vary. For general
computing, coding, image
creation, test processing,
etc.




Please note that the available

models may change over time





































Additional Al features

] OpenAI API https://docs.cerit.io/en/docs/ai-as-a-service/introduction

» Integrate LLMs into local applications, scripts, or Al workflows

» Al coding assistant (Claude Code)

= A coding tool that lives in your terminal, understands your codebase and
helps you code faster by executing routine tasks and explaining complex
code

= Vibe Coding (DeepSite)

» Web-based Al web page and application generator that creates fully

functional websites directly from your descriptions, powered by
DeepSeek 3.2



An Al assistant is also available in

the MetaCentrum documentation




Related services

u Compute ClOUd https://docs.platforms.cloud.e-infra.cz/en/docs

= Runs on OpenStack (allows users to create and manage their own cloud
computing resources)

= 17 computational clusters with 8,968 cores, 96 GPU cards, and 178 TB RAM

= Virtual machines are accessed using SSH keys

| Se ns |tlve Cl ou d https://docs.cerit.io/en/docs/sensitivecloud/account

» Provides a secure computing and storage environment for sensitive data
processing and research, operated by CERIT-SC (part of e-INFRA CZ)

» Follows security standards such as ISO 27000, C5, ISO 15189, and ECRIN

» Relies on container technology via Kubernetes, MFA required



Related services

u Fi | eS en d er https://du.cesnet.cz/en/navody/filesender/start

» Web service for sending files

» A download link is sent to the recipient and the file is stored for a maximum
of one month before being automatically deleted

= Connection with MetaCentrum is possible

= OwnCloud
» Cloud storage with 100 GB of space per user (increasable)
» Clients are available for all OS (Windows, Linux, OS X, iOS, Android)

= Automatic data synchronisation between multiple devices

https://du.cesnet.cz/en/navody/owncloud/start
Access is granted without the

need for further registration







CESNET S3 storage

u CESN ET SB Service https://docs.du.cesnet.cz/en/docs/object-storage-s3/s3-service
» Provided by the CESNET Data Storage Department
» Long-term and secure storage for valuable scientific data (archive, backup)

» Users must be registered and have generated keys (credentials) to configure
any 53 Clieﬂt https://access.du.cesnet.cz/

» S3 storage can be accessed via the command line or a GUI client
(for Windows, Linux, Mac)

= All scenarios are described step-by-step in the documentation

= Any archived/backed up data should be free of unnecessary clutter and
compressed appropriately

» Data is organised into buckets (main directories)



CESNET S3 storage

u CES N ET SB se rvice https://docs.du.cesnet.cz/en/docs/object-storage-s3/s3-service

» Personal space has a quota of 2 TB (increasable)

= Personal accounts do not support sharing between users and/or groups (by
default, all objects and buckets are private)

» Data (buckets) can be shared via the manually generated temporary URLs

https://docs.du.cesnet.cz/en/docs/object-storage-s3/s3-featurest#sharing-an-s3-object-using-presigned-url

= Or by setting up bucket policies for sharing

https://docs.du.cesnet.cz/en/docs/object-storage-s3/s3-features#set-up-bucket-policies-for-sharing-aws-cli-s3-plugin



CESNET S3 storage

n C ES N ET 53 se rvice https://docs.du.cesnet.cz/en/docs/object-storage-s3/s3-s¢rvice

» Personal space has a quota of 2 TB (increasable)

= Personal accounts do not support sharing between users and/or groups (k

-

y
default, all objects and buckets are private)

» Data (buckets) can be shared via the manually generated temporary URLs

https://docs.du.cesnet.cz/en/docs/object-storage-s3/s3-featurest#sharing-an-s3-object-using-presigndd-url

= Or by setting up bucket policies for sharing

https://docs.du.cesnet.cz/en/docs/object-storage-s3/s3-features#set-up-bucket-policies-for-sharing-aws-cli-s3-plugin




























CESNET S3 storage

] CES N ET SB se rvice https://docs.du.cesnet.cz/en/docs/object-storage-s3/s3-service

» S3 storage can be accessed from the MetaCentrum disk storages via CLI
» For example s3cmd, s5cmd (faster version of s3cmd) or aws tools

= Tools needs to be configured with access keys



CESNET S3 storage

] C ES N ET 53 se rvice https://docs.du.cesnet.cz/en/docs/object-storage-s3/s3-service

» S3 storage can be accessed from the MetaCentrum disk storages via CLI
» For example s3cmd, s5cmd (faster version of s3cmd) or tools

= Tools needs to be configured with access keys




CESNET S3 storage

] CESN ET 53 se rvice https://docs.du.cesnet.cz/en/docs/object-storage-s3/s3-service

= S3 storage can be accessed from the MetaCentrum disk storages via CLlI
= For example s3cmd, s5cmd (faster version of s3cmd) or tools

= Tools needs to be configured with access keys




CESNET S3 storage

- CESH I ET 53 service https://docs.du.cesnet.cz/en/docs/object-storage—sé’./sf%—se vice

» S3 storage can be accessed from the MetaCentrum disk storages via CLI
= Fgr example s3cmd, s5cmd (faster version of s3cmd) or tools

= Tools needs to be configured with access keys




Basic s3cmd commands

https://docs.du.cesnet.cz/en/docs/object-storage-s3/s3cmd#basic-s3cmd-commands

(BOOKWORM)vorel@nympha:~$ cat ~/.s3cfg
[default]
host_base = https://s3.cl4.du.cesnet.cz

use_https = True

access_key =

secret_key =

host_bucket = s3.cl4.du.cesnet.cz




Basic s3cmd commands

https://docs.du.cesnet.cz/en/docs/object-storage-s3/s3cmd#basic-s3cmd-commands

! (BOOKWORM)vorel@nympha:~$ s3cmd 1s
12024-08-20 15:59 s3://meta-archive
| (BOOKWORM)vorel@nympha:~$
| (BOOKWORM)vorel@nympha:~$ s3cmd 1s s3://meta-archive
- DIR s3://meta-archive/03_E_nip_genom/

DIR s3://meta-archive/03_E_nip_trans/

DIR s3://meta-archive/04_Viremie_AV_Kapr_Karas/

DIR s3://meta-archive/04_Viremie_AV_Plotice_Cejn/

DIR s3://meta-archive/05_Nikol_Kmentova/

DIR s3://meta-archive/06_Kasa_mansoni_hepatica_vejce/

DIR ://meta-archive/07_Haem_cont_metylaceDNA/
DIR ://meta-archive/08_J]I_hetero_trans/
2024-08-21 00:33 662801231434 ://meta-archive/01_Echo.tar.gz
2024-08-20 21:12 3555354858 ://meta-archive/02_TomasPakosta.tar.gz
2025-03-19 13:40 13457631873 ://meta-archive/02_TomasPakosta_posledni_vymysl.zip
2024-08-21 00:00 473749416845 ://meta-archive/Kapentagyrus_July2022.tar.gz



Basic s3cmd commands
https://docs.du.cesnet.cz/en/docs/object-storage-s3/s3cmd#basic-s3cmd-commands

:g(BOOKWORM)vorel@nympha:~$ s3cmd mb s3://test-bucket
I{ Bucket 's3://test-bucket/' created
10 (BOOKWORM)vorel@nympha:~$
f (BOOKWORM)vorel@nympha:~$ s3cmd 1s
}| 2024-08-20 15:59 s3://meta-archive
2020-04-20 15:56 s3://test-bucket

(BOOKWORM)vorel@nympha: ~$ ice/
(BOOKWORM)vorel@nympha:~$ s3cmd rb s3://test-bucket

zBucket 's3://test-bucket/' removed

® (BOOKWORM)vorel@nympha:~$

2 (BOOKWORM)vorel@nympha:~$ s3cmd 1s nysl.zip

Z

1 2024-08-20 15:59 s3://meta-archive




Basic s3cmd commands

https://docs.du.cesnet.cz/en/docs/object-storage-s3/s3cmd#basic-s3cmd-commands

[ ) 1
|2 { (BOOKWORM)vorel@nympha:~$ s3cmd put MHC3_S3_L0O01_R1_001.fastq s3://meta-archive

b upload: "MHC3_S3_L001_R1_001.fastq' -> 's3://meta-archive/MHC3_S3_L001_R1_001.fastq’ , 15MB] [1
15728640 of 15728640 100% 1in @s 16.12 MB/s done

¢ fupload: "MHC3_S3_L@Q1_R1_001.fastq' -> 's3://meta-archive/MHC3_S3_L001_R1_001.fastq' , 15MB] [1
Ul | 15728040 of 157280640  100% in 1s 13.61 MB/s done

! |upload: 'MHC3_S3_L001_R1_001.fastq' -> 's3://meta-archive/MHC3_S3_L0@1_R1_001.fastq' , 15MB] [1
|

15728640 of 15728640 100% 1in @s 21.67 MB/s done
{upload: 'MHC3_S3_L@Q1_R1_001.fastq' -> 's3://meta-archive/MHC3_S3_L001_R1_001.fastq' , 15MB] [1
1 15728640 of 15728640 100% in @s 32.40 MB/s done
{upload: 'MHC3_S3_L@0Q1_R1_001.fastq' -> 's3://meta-archive/MHC3_S3_L0Q1_R1_001.fastq" , 15MB] [1
15728640 of 15728640  100% in @s 29.93 MB/s done

kvvvl\ll\ll\l T vV =Rl J r-l s

2Bucket 's3://test- bucket/' removed

2 GBOOKWORM) vorel@nympha;~$

2CBODKWORMYYoret@nymphas~$/ms3cmd-ll s mysl.zip
£ 2074-08220° 1526863 /Znelq-Qrchive :




Basic s3cmd commands

https://docs.du.cesnet.cz/en/docs/object-storage-s3/s3cmd#basic-s3cmd-commands

part 1 of 28, 15MB] [1 of 1]
30 o1 (R 00T Fds tq q' [part 2 of 28, 15MB] [1 of 1]

[part 3 of 28, 15MB] [1 of 1]

4
</ Vv

00 R1_0Q%: fastq. ~>4"sB://meta-archive/MHC3.S3.L001. R1_001 :fast [part 4 of 28, 15MB] [1 of 1]

’, NS -

{ UpLoad V! MHEB) 930 391 R \0OL: fdstg 3://meta-anchive/MHC3.S3.L001_R1.001,fast [part 5 of 28, 15MB] [1 of 1]

1090010, 0 J £ 005Y LV¥0. LI US Gk
BV ITNTTUITOTM VOUT LT m rFrors—— & STITTIOA i~
7 J -

ZBucket 's3://test-bucket/" removed

2 CBOOKWORM) vorel@nymphas~$

2CBODKWORM Vo ret@nymphas~%/1s3cmd-ll s mysl.zip
£ 074082207 151581962, /et GACHE (K £




Basic s3cmd commands

https://docs.du.cesnet.cz/en/docs/object-storage-s3/s3cmd#basic-s3cmd-commands

DNNI/AMNDAAN smsm s 1l Vi smmsm o o ae & o d £
2 ((BOOKWORM)vorel@nvmpha:~$ s3¢md put MRC3T SITEROTIRT 00T fasta: 83t /Zmeta=arenive
(kY (BOOKWORM)vorel@nympha:~$ s3cmd get s3://meta-archive/MHC3_S3_L0O01_R1_001.fastq
¢ U download: 's3://meta-archive/MHC3_S3_L0O01_R1_001.fastq' -> './MHC3_S3_LO0Q1_R1_001.fastq' [1 of 1]
{ Jn 437260288 of 437260288  100% 1in 3s 126.39 MB/s done
1‘( (BOOKWORM)vorel@nympha:~$ s3cmd del s3://meta-archive/MHC3_S3_L0O01_R1_001.fastq
ot 1YP delete: 's3://meta-archive/MHC3_S3_L001_R1_001.fastq’
g 1 (BOOKWORM)vorel@nympha:~$ s3cmd 1s s3://meta-archive/
DIR s3://meta-archive/@3_E_nip_genom/
DIR s3://meta-archive/@3_E_nip_trans/
DIR s3://meta-archive/@4_Viremie_AV_Kapr_Karas/
DIR s3://meta-archive/@4_Viremie_AV_Plotice_Cejn/
DIR s3://meta-archive/05_Nikol_Kmentova/
DIR s3://meta-archive/06_Kasa_mansoni_hepatica_vejce/
DIR s3://meta-archive/07_Haem_cont_metylaceDNA/
DIR s3://meta-archive/08_JI_hetero_trans/
2024-08-21 00:33 662801231434 s3://meta-archive/@1_Echo.tar.gz
2024-08-20 21:12 3555354858 s3://meta-archive/02_TomasPakosta.tar.gz
2025-03-19 13:40 13457631873 s3://meta-archive/02_TomasPakosta_posledni_vymysl.zip
2024-08-21 00:00 473749416845 s3://meta-archive/Kapentagyrus_July2022.tar.gz




Basic s3cmd commands

https://docs.du.cesnet.cz/en/docs/object-storage-s3/s3cmd#basic-s3cmd-commands

| ( (ROOK (BOOKWORM)vorel@nympha:~$ s3cmd --help
B Usage: s3cmd [options] COMMAND [parameters] Lt [1 of 1]

TC

|_001.fastq" [1 of 1]
[1 of 1]

;'S3cmd 1s a tool for managing objects in Amazon S3 storage. It allows for
‘f'making and removing "buckets" and uploading, downloading and removing
’l "objects" from these buckets.

[1 of 1]
1

“(B|Options:

F -h, --help show this help message and exit

--configure Invoke interactive (re)configuration tool. Optionally
use as '--configure s3://some-bucket' to test access [1 of 1]
to a specific bucket instead of attempting to list

them all.

[1 of 1]

-c¢ FILE, --config=FILE
Config file name. Defaults to $HOME/.s3cfg
--dump-config Dump current configuration after parsing config files
and command 1line options and exit.
20| --access_key=ACCESS_KEY
AWS Access Key
200 —-secret_key=SECRET_KEY nysl.zip
AWS Secret Key

ZQLT—UU—LJ- UV .UV T II1TIJTAVOTY DSJ ./ /7 NTLUTUL WHTLVT/ NUPTIHILUY YT UD_JUuLycocwucLcoc . LUl . EZ




How should it be used (MetaCentrum CLI)?



How to use it

Kubernetes orchestrator of https://docs.metacentrum.cz/en/docs/welcome

Docker images, Rancher

dashboard (also CLI), GUI Modular
environment, Al A classic command applications,

line environment |mmm) Apptainer images,
A job scheduler and h (CLI), Linux system local installations,
hardware allocator for NGC, LLM
users' jobs ) User-controlled

platforms, web
interface (GUI)

Virtual machine
e HPC systems web
management intrastructure, .

9 . interface, remote access
CLI environment

Web platform for

interactive programming
Web platform for
various data
processing



Frontend servers (login nodes)

https://docs.metacentrum.cz/en/docs/computing/infrastructure/frontends

= Primary access point

» SSH access via password (creating a Kerberos ticket)

https://docs.metacentrum.cz/en/docs/access/security/kerberos

= SSH keys are not supported

= A valid Kerberos ticket enables you to submit tasks and browse the
infrastructure

» Beware of leaving sessions open for too long — ticket validity is only 10 hours

= You can generate Kerberos tickets on a local PC and log in without a password



Geographically separated servers mean better

distribution of users and load, which makes the Fro ntend servers (log|n nOd eS)

servers more stable and provides an alternative

during an outage

= Primary access point

https://docs.metacentrum.cz/en/docs/computing/infrastructure/frontends

» SSH access via password (creating a Kerberos ticket)

https://docs.metacentrum.cz/en/docs/access/security/kerberos

» SSH keys are not supported
= A valid Kerberos ticket enablgs you to submit tasks and browse the

infrastructure
= Beware of leaving sessions ogen for too long - ticket validity is only10 hours

= You can generate Kerberos tickets on a local PC and log in without a password




Frontend servers (login nodes)

https://docs.metacentrum.cz/en/docs/computing/infrastructure/frontends

= Primary access point

» SSH access via password (creating a Kerberos ticket)
= SSH keys are not supported https://docs.metacentrum.cz/en/docs/access/security/kerberos
= A valid Kerberos ticket enables you to submit tasks and browse the infrastructure
= Beware of leaving sessions open for too long — ticket validity is only10 hours

= You can generate Kerberos tickets on a local PC and log in without a password

= Do not run calculations on frontends
= They are small virtual machines hitps://docs.metacentrum.cz/en/docs/computing/run-basic-job#interactive-job
= They are at risk of significant slowdown or crashing
= Automatic mechanisms terminate demanding and/or long processes

= Even for short tests, an interactive task is more suitable






Disk storage arrays

= Several geographically separated disk arrays (storages) are available

https://docs.metacentrum.cz/en/docs/computing/infrastructure/mount-storages

u DeSigned for SO_Ca”ed |ive data https://docs.metacentrum.cz/en/docs/data/storage-department

» Backups of valuable primary data and results preferably to S3/NRP object
storage https://docs.du.cesnet.cz/en/docs/object-storage-s3/s3-service
= Available to all users
= s3cmd/s5¢cmd commands are available for manipulating data on S3 storage

= Need to request the creation of an S3 bucket (‘folder') and create a configuration file

By default, a user's home directories have permissions set to

755 (= other users can read it). To increase privacy, permissions
can be set to 700 on /storage/city/home/$USER.




Disk storage arrays

» Several geographically-separated disk arrays (storages) are available

https://docs.metacentrum.cz/en/docs/computing/infrastructure/mount-storage

u DeSigned for SO‘Ca”e‘d |ive data https://docs.metacentrum.cz/en/docs/data/storage-departmer

» Backups of valuable primary data and results preferably to S3/NRP object

stora g e https://docs.du.cesnet.cz/en/docs/object-storage-s3/s3-servicg

= Available to all users
= s3cmd/s5¢cmd commands are available for manipulating data on S3 storage

= Need to request the creation of an S3 bucket (‘folder') and create a configuration file

By default, a user's home directories have permissions set to

755 (= other users can read it). To increase privacy, permissions
can be set 1o 700 on /storage/city/home/$USER.

S



Disk storage arrays

= Several geographically separated disk arrays (storages) are available

https://docs.metacentrum.cz/en/docs/computing/infrastructure/mount-storages

= Designed for so-called live data

https://docs.metacentrum.cz/en/docs/data/storage-department

= Backups of valuable primary data and results preferably to S3/NRP object storage

» Available to all users https://docs.du.cesnet.cz/en/docs/object-storage-s3/s3-service
= s3cmd/s5cmd commands are available for manipulating data on S3 storage

= Need to request the creation of an S3 bucket ('folder') and create a configuration file
» User quotas are set for the total volume of data and the number of files
= Storage capacity is not unlimited (keep only needed data)
= Disk storages come in different sizes and quotas are set the same for everyone

= Some disk storages have owners with higher quotas

= Manipulating many small files is more problematic (use archives)



Only members of the project

Elixir CZ have a high quota on

the storage praha5-elixir

- | Wieall | el : \ TN

Disk storage arrays

user i space files
used soft quota hard quota |grace| used |soft limit | hard limit| grace

vorel | /storage/brno12-cerit/home/vorel 200.55728 GB |- - none |35 - - none
vorel | /storage/brno2/home/vorel 40.40222 GB 4294.967296 GB |4294.967296 GB |none [31062 |2500000 [2550000 |none
vorel | /storage/budejovice1/home/vorel 24 kB 3323.625472 GB | 5522.30912 GB 9 1000000 | 1100000

vorel | /storage/liberec3-tul/home/vorel 12 kB 10.48576 GB 15.72864 GB 8 - E

vorel | /storage/plzen1/home/vorel 1714.056364 GB [4294.967296 GB | 6442.450944 GB |none |133431 3000000 |3100000 |none
vorel | /storage/praha2-natur/home/vorel |44 kB 7.340032 GB 10.48576 GB 18 - -

vorel | /storage/praha5-elixi’/home/vorel 940.99644 GB | 5369.757696 GB |6014.107648 GB 113327 | 1010000 1212000

vorel | /storage/pruhonice1-ibot/home/vorel | 32 kB 7.340032 GB 10.48576 GB 12 - -

vorel | /storage/vestec1-elixirhome/vorel |80 kB 2147.483648 GB | 2202.0096 GB |none |33 2000000 2100000 |none

= Some disk storages have owners with higher quotas

B DJISKSTOTdgES COTMTIE T ATITeETETTUSIZES dIma quOTlds dre Set e sdre 10r everyorie

= Manipulating many small files is more problematic (use archives)
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The concept of multiple home directories and disk storages

Geographically separated servers
mean better distribution of users
and load, which makes the

servers more stable and provides

an alternative during an outage

All frontend servers can
also be reached in the
domain 'metacentrum.cz’




The concept of multiple home directories and disk storages

Geographically separated servers
mean better distribution of users

and load, which makes the
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All frontend servers can
also be reached in the
domain 'metacentrum.cz’

Although disk storage servers
cannot be accessed interactively,

it is possible to send specific

commands to them




The concept of multiple home directories and disk storages

Geographically separated servers
mean better distribution of users

and load, which makes the
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Although disk storage servers
cannot be accessed interactively,

it is possible to send specific

commands to them







The concept of multiple home directories and disk storages

= Comes from the nature of the grid (distributed) infrastructure

= Generally, with a group of compute clusters in each geographical
location there is also a disk storage

» Compute nodes also have a mounted some native home directory
= Compute jobs can run on clusters with a different home directory

» Users cannot rely on the same data being on all nodes

= Because of different home directories...

» But everything is accessible, you just need to specify correct path

https://docs.metacentrum.cz/en/docs/computing/infrastructure/frontend-storage



The concept of multiple home directories and disk storages

m Comes_

romt

ne nature of the grid (distributed]) infrastructure

= Because of different home directories...

L_G.eo,etall.y,_wi.tb_aJ group of compute clusters in each geographical

location there is also a disk storage
= Compute nodes also have a mounted some native home directory
= Compute jobs can run on clusters with a different home directory

= Users cannot rely on the same data being on all nodes

= BUT everything is accessible, you just need to specify correct path

https://docs.metacentrum.cz/en/docs/computing/infrastructure/frontend-storage



Frontend server
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By default, data in the scratch directory

: https://docs.metacentrum.cz/en/docs/
cannot be read by other users (the main g

computing/concepts#scratch-directory S Cratc h Sto a g e

directory has 700 permissions).

= A different type of storage (than the classic home directories)
= An internal part of each compute node

= ONLY for data that is used in a running job
= Old, unused data can be deleted at any time without warning

= Each job automatically defines a $SCRATCHDIR variable
= Direct access to data for CPU/GPU (=faster calculation)

= Every job that reads input data more than once should scratch
» Reduces network traffic
= Does not overload the disk storage
» The task is faster and more robust (e.g. network outages)



https://docs.metacentrum.cz/en/docs/

computing/concepts#scratch-directory S CratCh Sto ra g e

= A different type of storage (than the classic home directories)

(BOOKWORM)vorel@nympha:~$ gsub -I -1 scratch_local=10gb
gsub: waiting for job 19226822.pbs-ml.metacentrum.cz to start

gsub: job 19226822.pbs-ml.metacentrum.cz ready

(BOOKWORM)vorel@tarkill6e:~$ cd $SCRATCHDIR
(BOOKWORM)vorel@tarkill6:/scratch/vorel/job_19226822.pbs-m1$ pwd

/scratch/vorel/job_19226822 .pbs-ml

- I—VVI] JVI\J GCITALG | WU 11 II\I\JI\- NWAAGCA TTIVI & GCITUTIT VilITwWw JTITVUVUITNA el ALKl ]

» Reduces network traffic
= Does not overload the disk storage
= The task is faster and more robust (e.g. network outages)



https://docs.metacentrum.cz/en/docs/computing/infrastructure/scratch-storages S Cratc h Sto ra g =

= Different types of scratch can be reserved

= scratch_local
= On every node, mostly SSH, but can also be HDD, TBs

» Located in /scratch/USERNAME/job_JOBID

= scratch_ssd

:scratch_local=100gb
:scratch_ssd=100gb

» Explicitly requires SSD, not on all nodes, TBs

= Ideal for intensive 10 calculations
» Located in /scratch.ssd/USERNAME/job_JOBID :mem=50gb:scratch_shm=true

» scratch_shm
= Scratch in RAM, on all nodes, the fastest solution, GBs/TBs

= The RAM reservation (PBS 'mem' parameter) is the sum of data volume (input and output)
and memory requirements of the calculation

» Located in/dev/shm/scratch.shm/USERNAME/job_JOBID

= Boolean (true/false), reservation via the gsub parameter 'mem’



https://docs.metacentrum.cz/en/docs/computing/infrastructure/scratch-storages S Cratc h Sto ra g O

» scratch_shared

:scratch_shared=10tb

= Scratch shared by all the cluster's nodes, TBs, PBb
= Currently only available on Bee (BeeGFS) and Galdor GPU clusters

No auto-delete policy

Different directory naming policy in /scratch.shared/USERNAME/some_folder_name,
it must not start with ‘job_".

Suitable for tasks that process one large dataset/database

Initialisation job copying data, other purely computational

gsub -l select=1:ncpus=1:mem=4gb:scratch_local=10gb -l walltime=1:00:00
cp my_input_data.txt $SCRATCHDIR
cd $SCRATCHDIR

cp $SCRATCHDIR/my_results.txt /storage/city/home/user_name/




Copying data

= Do not copy (move) large amounts of data (up to 10 GB) via the
frontend servers

» Copy (move) the data directly onto the disk storage server

= [t's faster, more stable, does not overload network and servers

= SFTP clients are available for Windows users (WinSCP, CyberDuck,
FlleZ|||a, etc.) Frontend server in Brno

https://docs.metacentrum.cz/en/docs/data/large-data

Local PC in Prague Disk storage in Pilsen



Users cannot browse disk storage interactively after logging in.

Only individual commands can be sent on them CO py|ng data

$ ssh storage-brno2.metacentrum.cz 'ls'

= Do not copy (move) large amounts of data (up to 10 GB) via the
frontend sefvers

» Copy (move) the data directly onto the disk storage server

= [t's faster, more stable, does not overload network and servers

= SFTP client$ are available for Windows users (WinSCP, CyberDuck,
FlleZ|||a, etc:.) Frontend server in Brno

https://docs.metacentrum.cz/en/

Jocs/data/large-data

Local PC (in Prague) Disk storage in Pilsen




https://docs.metacentrum.cz/en/docs/data/large-data

Copying data

= localUSER@localPC$ scp data.gz username@skirit.metacentrum.cz: ~

= Copy the data from the local PC to the users' home on the frontend skirit (storage brno2) from the local PC. Small data sets

= localUSER@IlocalPC$ scp data.gz username@storage-brno2.metacentrum.cz:~

= Copy the data to the users' home on the brno2 storage server from the local PC. Suitable for large data sets

mv $SCRATCHDIR/results.txt /storage/brno2/home/username/

= Move the data from the scratch directory to the users' home on the brno2 storage (via the mounted path). Small data sets

scp -r $SCRATCHDIR/results storage-brno2.metacentrum.cz: ~

= Copy folder recursively from the scratch directory to the users' home on the brno2 storage server. Large data sets

scp -r storage-brno2.metacentrum.cz:~/input_data $SCRATCHDIR

= Copy the data (folder, recursively) from the users' home on the brno2 storage server to the scratch directory. Large data sets

scp storage-brno2.metacentrum.cz: ~/text.txt storage-plzen1.metacentrum.cz:~

= Copy the data from the users' home on the brno2 storage server to home on plzen1 storage server. Large data sets









Batch job script example

https://docs.metacentrum.cz/en/docs/computing/run-basic-job#batch-job



Interactive job

https://docs.metacentrum.cz/en/docs/computing/run-basic-job#interactive-job



GPU acceleration

https://docs.metacentrum.cz/en/docs/computing/gpu-comput/gpu-job



GPU acceleration

Attps.//d0Cs.metacentrum.cz/en/docs/computing/ gpu-comput/gpu-job



GPU acceleration

Attps.//d0Cs.metacentrum.cz/en/docs/computing/ gpu-comput/gpu-job




(A\ APPTAINER Singularity/Apptainer

= Apptainer (formerly Singularity) is an alternative to Docker, primarily
used for HPC with non-root access
» Apptainer can work with Docker images and offers GPU and MPI support

= MetaCentrum offers some pre-built (ready-to-use) Singularity
images. For example, NGC (NVIDIA GPU Cloud, with Kaldi, PyTorch

and TensorFlow), Trinity (an RNA-seq assembler) and OpenFOAM
(a numerical solver)
» NGC images are highly optimised for GPU-accelerated calculations

] Users Can also bU||d the”' own SIFS https://docs.metacentrum.cz/en/docs/software/containers

= Prevents conflicts The most straightforward way to transfer highly optimised

environments, complete with all dependencies and tuned libraries.




https://docs.metacentrum.cz/en/docs/software/install-software LO Cca | SW i nsta | | ati on

= There are so many different ways
= Binary distributions (precompiled form, download them and use them)
= R, Python, Rust, Perl, Julia, Debian, etc. libraries

» Package managers like Mamba (recommended, fully automated, easy to
use)

» Docker (Kubernetes, cloud) and Singularity/Apptainer images (grid,
conversion Docker to Singularity)

= Snapshots of entire VMs (cloud, OnDemand)

» Local compilation (GCC, Intel compilers, BLAS/LAPACK math libraries,
CUDA support and so on...)

As users do not have root access, installations must be

placed in their home directories or in the scratch directory.




Conclusions

https://www.cesnet.cz/ https://www.metacentrum.cz/

https://www.e-infra.cz/ https://docs.metacentrum.cz/

= |s suitable for everyone and easy to use in the most cases
s Has user SUPPOIt  https//docsmetacentrum.cz/en/docs/support

s Has documentation https:/docs.metacentrum.cz/en/docs/welcome

s Has a blog Wwith news  https:/blog.e-infra.cz/

= |s a part of e-INFRA CZ  httpsi/wwwee-infra.cz/

= |s not just about the command line

[ Take a IOOk at our paSt trainings https://github.com/CESNET/metacentrum-hands-on

= Requests to add acknowledgements in publications

https://docs.metacentrum.cz/en/docs/access/terms#acknowledgements-and-publications



