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metacentrum What MetaCentrum is

s MetaCentrum is https://metacentrum.cz
m ... The National Grid Infrastructure (NGI) https://metavo.metacentrum.cz
m ... the activity of the CESNET association hitps://wiki.metacentrum.cz
m ... a provider of computational resources, application tools (commercial

and free/open source) and data storage
" ... free Of Charge https://wiki.metacentrum.cz/wiki/Usage_rules/Acknowledgement
m Users "pay" by Acknowledgement in their research publications
m MetaCentrum is available for https://metavo.metacentrum.cz/en/myaccount/pubs

m ... employees and students from Czech universities, the Czech Academy
of Science, non-commercial research facilities, etc.

m ... industry users (only for non-profit and public research)
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metacentrum Where and how to start

m Fill out and submit the registration form
cesnet

https://metavo.metacentrum.cz/en/application/index.html d 'd
o eauld.CZ
m Select your organisation (click on the edulD logo) ==, ==

m Use your institutional username and password
m Fill out the form and create a strong MetaCentrum password

m Users must extend MetaCentrum membership from the beginning of each
calendar year (typically during January)

m MetaCentrum users obtain access to CERIT-SC resources automatically

s Read our documentation, FAQ and tutorial for beginners

https://wiki.metacentrum.cz/wiki/Main_Page https://wiki.metacentrum.cz/wiki/Beginners_guide

https://wiki.metacentrum.cz/wiki/FAQ/Grid_computing https://wiki.metacentrum.cz/wiki/Troubleshooting

[ ) EEER HE_EEERN EEEE _EEER_HEN H_EEENE_BN [ J EEER H_EEEN EEEE
3 HE N HEE B HE [ | [ | HEE B H EHBE HEN HE B HE



metacentrum PBS and frontend servers

m Ten frontends (+ one alias) submit jobs to three PBS servers
m PBS (Portable Batch System) is a software that performs job scheduling
m Frontend servers can have different home directories

m All user home directories are available from all frontends

skirit.metacentrum.cz /storage/brno2/home/
meta-pbs.metacentrum.cz _»- alfrid.metacentrum.cz /storage/plzenl/home/

(00 —]
tarkil.metacentrum.cz /storage/prahal/home/
charon.metacentrum.cz /storage/liberec3-tul/home/

elixir-pbs.elixir-czech.cz el elmo.metacentrum.cz /storage/praha5-elixir/home/

cerit-pbs.cerit-sc.cz T zuphux .metacentrum.cz  /storage/brno3-cerit/home/

https://wiki.metacentrum.cz/wiki/Elixir https://wiki.metacentrum.cz/wiki/Frontend_servers
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metacentrum PBS and frontend servers

name@my_pc ssh vorel@perian.metacentrum.cz

vorel@perian.metacentrum.cz's password: e Typec a password

— Where am |?

/storage/brno2/home/vorel

vorel@perian pwd

vorel@perian cd /storage/plzenl/home/vorel
orel@perian d
v peri pw \ Hmm, | forgot that my
/storage/plzenl/home/vorel data is on different
storage...
name@my_pc ssh vorel@minos.metacentrum.cz

vorel@minos.metacentrum.cz's password: - Direct access to the same storage
vorel@minos pwd through different frontend

/storage/plzenl/home/vorel

https://wiki.metacentrum.cz/wiki/Frontend_servers



cesnet

metacentrum SSH keys and Kerberos authentication

m SSH keys for logging into frontends are not fully supported. We want to
"force" you to generate a Kerberos ticket by typing the password

@MacBook ~$ ssh vorel@nympha.metacentrum.cz 'pre;a passvvord
vorel@nympha.metacentrum.cz's password:
(BULLSEYE)vorel@nympha:~$ klist
Credentials cache: FILE:/tmp/krb5cc_1597_LTYWLT klist command prints the status
Principal: vorel@META o leauedl Felens
Issued Expires Principal
May © 11:22:55 2022 May 6 21:22:55 2022 krbtgt/METAGMETA
May 6 11:22:55 2022 May 6 21:22:55 2022 afs/ics.muni.cz@META
May 6 11:22:55 2022 May 6 21:22:55 2022 krbtgt/ZCU.CZEMETA
May 6 11:22:55 2022 May 6 21:22:55 2022 afs/zcu.cz@®ZCU.CZ
(BULLSEYE)vorel@nympha:~$ ssh halmirl
Linux halmirl.metacentrum.cz 5.10.0-13-amd64 #1 SMP Debian 5.10.106-1+zs1 (2022-03-28) x86_64
Last login: Thu Apr 21 09:54:05 2022 from elmoZ-4.hw.elixir-czech.cz
(BULLSEYE)vorel@halmirl:~$




metacentrum SSH keys and Kerberos authentication

(BULLSEYE)vorel@nympha:~$ klist

klist: No ticket file: /tmp/krb5cc_1597_rwS0KalLk@H

(BULLSEYE)vorel@nympha:~$ qsub -I -1 select=1:ncpus=1:mem=5gb:scratch_local=1gb -1 walltime=1:00:00
No Kerberos credentials found.

(BULLSEYE)vorel@nympha:~$ ssh halmirl

vorel@halmirl's password:

(BULLSEYE)vorel@nympha:~$ kinit kinit command generates new tickets
vorel@META's Password:

m You can have the Kerberos ticket issued on your personal computer. During
the validity of the ticket, you can log in to every frontend, compute node or
storage without entering a password again

https://wiki.metacentrum.cz/wiki/Kerberos_authentication_system
https://wiki.metacentrum.cz/wiki/Kerberos_on_Windows

https://wiki.metacentrum.cz/wiki/Kerberos_on_Linux
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cesnet

metacentrum HW resources and gsub assembler

m HW resources (CPUs, GPUs, RAM, scratch, walltime,...) are reserved by PBS
m Detailed documentation: https:/wiki.metacentrum.cz/wiki/About_scheduling._system
m [t requires some experience

m Helper tool for gsub command assembly

-_— Personal view Go to metavo.metacentrum.cz -
About MetaCentrum VO Th ¢ page shaws a pescna \iew of the PDS system “ar the user vorel. Current State _ Personal VleW _ qub
Current alfairs Johs of user "voral"
o e — — assembler for PBSPro
Gulling an account | vl total gueued running completed other tolal queved running compleled athor
e vorel 4 0 @ 4 0 155 0 0 %4 0
SN s el (Stav zdrojl - Osobni pohled
Personal view pursonz| view of slorages. . .
Physial machines e Clcdeniit: Sestavova¢ qsub pro PBSPro)
PBE nodes lule -
e no '¥Ms i chud
Jeb queues Qsub assemblers https://metavo.metacentrum.cz/pbsmon2/person

Jcbs = Qsub assembier for PBSPro
8 - _



metacentrum

HW resources and qsub assembler

9 mE

Find maz=res mathing the resource speciication

geub -l walllme= 2¢ -0 ;¢ - -g cefiutBmeta-pdraretacantrumecz A l

A =oieot= 1 nopass ¥ - ongpus= O - o mem= 10 gb - woroteh_ w0 = Ll l . And you Wl” See“.

chstey . .

<ty .

oth ¥
::::;? pemt selecton from command line
‘blager= guub I walllime=24:0:0 g defou @rowls pos.mokisenbrome:z | seled=1:ncpus=8:men=100gk sraloh sud=50gb
Legroups=
FaT T selection In shell script
cepan_flag=
repu_vendars - 2 hin/bash
1-:1; e #PES -q defavltenots-pos.metacentrun. oz
- #PES ~1 walltina-24:0:9
:debinnil= 2PE5 | selectel:ncpuss=S:men=lB8gb:scrotch_ssd=56gh
gpu_eaps - #PES -N my_amesone_job
:host=
thyperthreading= Result
:iinlbang=
m G e R N e
L0k= The nuberam s 1 mashing, ant 93 such mecnnes am Ime ol of 289 wactines matring tha ma dmmenes 78e jo
;oefamiby= =
:prunonioe= s f
:scraich_shm Cl |Ck on |t. o0 Muchinms svailabie right naw
BT, L wcdand veoe, va e
Cwasines TAM A AR
ivnode=




metacentrum  Example of a basic script for batch jobs

Define HW resources (-1), queue (-q)

and walltime (-1), set the job name (-1)
and email alert (-m)

tecl «n "$SCRATCHOTR™ ho ? "“Wariable SCRATCHDTR i< nol selt*

You can define as many variables as
UATADLIR-/stomoge/brnals comt. nonc vore L dotas you Wa nt

*daln.fa*

o SIATADIR/cata. fa SSCRATOD Available modules can be listed by
cd $5CRATCHIIS command on

-2 odd blast-plus/blast-plus-2.12.0-gcc-5.3.0-ohlvits any frontend
nin_threadk The scratch directory will be cleaned

y dota.Fa cobher soronsters s -rurn thesads SPBS NOPUS -out results. txt

automatically
cp rasults, txt SDATARTR

https://wiki.metacentrum.cz/wiki/Beginners_guide#Run_batch_jobs

clean scorutch




metacentrum * Queues

= Not all visible queues are suitable for direct use

Queues for jobs requesting up

m Explore the -q option of the gsub assembler
to 720 hours

qeud waimime=1 -0 <10 (af) 4 GPU jobs up to 24 hours
dselect=1 - :ncpus=1 - :n [ —
cluater i e R Sl on MetaCentrum nodes
ity ... : &
other ressu-cas ..
Aarch=
biacev=
:ﬁ:i:; : Queues prioritising jobs requesting
:epu flag= . more than 500 GB RAM
:cpu_vendor= '
:cuda_version= - e e — GPU jobs up to 24 hours on CERIT-SC nodes
:debian10= v
:gpu_cap=
shest=
f:?::?ff:dhg; B A~ Individual SMP machines with OS CentOS 7
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metacentrum * Queues

Queue default@meta-pbs.metacentrum.cz

Dafault queue (routing)

The gueue is rouling, il delivers jobs depending on e s wallime o e Dllow g queuss;

queue Priority time limits e eunpj e =] max CPUs per user leirshare
q 2h@meta-pbs.metacentrumecz @ 50 0 - 02:00.00 381 0/r 5678 €056 2020

4h@meta-pbe.matacantrum.cz . A O O 00 O
a_iha P do not sLbmit 1o the queue Zirectly, use
q_ld@gmeta-phbs.metacentrum.ez w o U3 00 V.U 221!

§7¢ 13073
53 €630 4000

q_rd@meta-pbs.matacantrumcz = 50 2400001 - Q00000 120 1 150 28/ 000

q_dd@meta-pbs.metacentrumcz & 50 46:00:01 - 86:00:.00 2036 1865/ 531 4430 020

g iw@mele-pbs.metlacentrumez @ 50 930001 -168.0000 55 1507 / 1281 2044 1020

a_2w@meta-pbs.metasentrum.oz = 60  168:00:01  336:00.00 83 a9/ aw 219 000

q_2w_plusgmeta-pbs.matacantrum.cz = 50  335:00:01 - 720:00:00 28 7099 70 a0y 2000
uv_bio@cerit-pbs.cerit-sc.cz S 3 00:00:01 - 96:00:00 0 o/

uv_small@cerit-pbs.cerit-sc.cz
fireprot_devel@cerit-phs.cerit-sc.cz
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cesnet

metacentrum Interactive job

m The opposite of batch jobs (waiting for the user's input...)

m Best choice for test calculations (which should not be run directly on
frontends)

m An interactive job is requested by the gsub command with the -| (uppercase

Inen M
| )OptIOﬂ https://wiki.metacentrum.cz/wiki/Beginners_guide#Run_interactive_job

(BUSTERSworel@skiritl.~3 gsubt -I 11 seleci=l.ncpus=4 . mem=50gb:.scratch_local=3020 -1 walltime=1. 00 08
gsub: waiting for job 11405233 7elo-pbs.retacentrum.cz Lo start

gsub: job 1142523€ .mela-pos.relacenblrum.cz ready

vorelézenon3dl:~$ cd S$SCRATCHDIR
vorelézenon3l:/scratch.ssd/varel/job_11485230 reto-obs .metacantrum. cz§ mod.le odd orcosorca-5.0.1-intel-19.8.4-brofsgg
vorelézenon3l:/scratch.ssd/vorel/job_11485230 retao-obs .metaczntrum.cz$ mod.le list
Currently Loaded Modulefiles:
1) retobase Z) opewpl/opermpi-4.€.4-1ntel-1%.0.4-gpu-xribLan  3) orce/orco-5.9.1-intel -12.0.4-cnofsge
vorelézenon3dl:/scratch.ssd/vorel/job_11465230. .retu-obs .metacentrum, cz§
vorel@zenon3dl:/scratch.ssd/vorel/job_11465230 .reta-obs .metacentrum.cz§ .. . time for coffee. ..
-bosh: ...tume: commaend not found
vorelézenon3l:/scratch. ssd/vorel/ jub_11485230 . retu-obs .metacentrum,. c2§ vres < tnput > outout
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metacentrum | Scratch storage

m Temporary storage on physical computing nodes

m Very intensive operations can cause network overload and the slowdown of
central storage (/storage/city/..)

m Copy the input data into the scratch directory on a dedicated machine
m Variable SCRATCHDIR will be set automatically

m Faster, more stable

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

cp $SCRATCHDIR/my_results.txt /storage/city/home/user_name/
https://wiki.metacentrum.cz/wiki/Beginners_guide#Specify_scratch_directory



metacentrum Scratch storage

s MetaCentrum offers four types of scratch
m https://wiki.metacentrum.cz/wiki/Scratch_storage
m on every node, HDD, default

m fast SSD, typically smaller in volume, not everywhere

m network volume which is shared between all clusters in a given

location, not everywhere ‘
scratch_shm= True -~

m scratch held in RAM, very fast, on every node

m boolean type (True/False), limited by mem parameter (:mem=XYgb)
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metacentrum Transfer of a large amount of data

s Do not use frontends, copy data directly on storage, use compressed files
(.tar, .zip, .9z, etc.)
m SFTP client for Windows users (WinSCP, FileZilla, CyberDuck)

frontend ..
scp my_data.gz vorel@skirit.metacentrum.cz:\

% \ /storage/praha5-elixir/home/vorel
scp my_data.gz \
¥ vorel@storage-praha5-elixir.metacentrum.cz:~

https://wiki.metacentrum.cz/wiki/Working_with_data https://wiki.metacentrum.cz/wiki/NFS4_Servery



metacentrum A high number of short jobs

m From the point of view of performance (necessary PBS hardware
requirements to run every single job), an ideal job is running at least
for 30 minutes

m Startup overhead may be a significant part of the whole processing
time

m Aggregate short jobs into bigger groups with longer walltime

-1 walltime=00:30:00 (and more)
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metacentrum Writing to the root directory

s Computing nodes and frontends have limited quotas (~ 1 GB) for writing out
of the scratch and home directory

m Exceeding this quota will cause the termination of the process
m The most common problems are caused by:
m Write to /tmp

m Verylarge stdout and stderr streams

export TMPDIR=$SCRATCHDIR
my_app < input .. 1>$SCRATCHDIR/stdout 2>$SCRATCHDIR/stderr

m Utility can be executed on each node (email notification )
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metacentrum CRLF line terminators

m Text files created on Windows PC use more characters for termination of a line
m This format can not be read by Unix-like systems

m Individual lines are not recognised https://owasp.org/www-community/

.l . . . . vulnerabilities/CRLF_Injection
m Utility dos2unix can fix the line terminators -

m Typical errors:

= '\r': command not found , EXITAM: 1invalid signal specification

Toole file will determine
[vorel@zuphux ~]$ file example.txt

example.txt: ASCII text, with very long lines, with CRLF line terminators
[vorel@zuphux ~]3% dosZunix example.txt
dosZunix: converting file example.txt to Unix format ... Problem detected

the type of a file

[vorel@zuphux ~]$ file example.txt
example.txt: ASCII text, with very long lines
[vorel@zuphux ~]$
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metacentrum Incorrectly submitted jobs

Sometimes PBS accept a job with requirements which can never be satistied
Typically, this is an attempt to run the job as soon as possible.

It's mostly counterproductive...

Typical scenarios:
m Incompatible Cuda versions and GPU machines
s Wrong combinations of machines and queues

m Combinations of parameters targeting a disparate set of machines



metacentrum Incorrectly submitted jobs

pozadované prostredky 1:mem=16gb:scratch_local=10gb:ngpus=1:gpu_cap=cuda60:cuda_version=11.0
vytvofena nedéle 27. anora 2022 19:46:54
zpusobila k béhu nedéle 27. Gnora 2022 19:46:54
posledni zména stavu nedéle 27. anora 2022 19:50:19
komentar Can Never Run: Insufficient amount of resource: cuda_version (11.0 != *11.2,*11.4,11.2,11.4)

https://wiki.metacentrum.cz/wiki/GPU_clusters
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cesnet

metacentrum Incorrectly submitted jobs

p:!adl fovalknyé 1:ngpus=10:mem=300gb:scratch_local=100gb:cpu_flag=avx:mpiprocs=1:ompthreads=10

vytvofena Ctvrtek 31. bfezna 2022 14:51:33

Probably just a typo; ngpus can be max. 4; no ncpus parameter

pozadované prostiedky 1:ncpus=8:cl_haldir=True:mpiprocs=8:ompthreads=1

vytvofena stfeda 30. bfezna 2022 10:31:09
zpusobila k béhu stfeda 30. bfezna 2022 10:31:09
posledni zména stavu stfeda 30. bfezna 2022 10:39:13
komentar Can Never Run: Insufficient amount of resource: cl_haldir (True != False)

Haldir cluster has been shut down last year. GPU cluster Doom as well

pozadované prostredky 1:ncpus=8:cl_doom=True:mpiprocs=8:ompthreads=1

vytvofena stfeda 30. bfezna 2022 10:24:08
zpasobila k béhu stfeda 30. bfezna 2022 10:24:08
posledni zména stavu stfeda 30. bfezna 2022 10:28:53

komentar Can Never Run: Insufficient amount of resource: ¢l_doom (True != False)
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metacentrum Incorrectly submitted jobs

uloha server CPU vyhraz. pamét' pouzita pamét' jméno uzivatel CPU ¢as

elixir 1 4gb ob sTOIN ||

pozadované prostifedky  1:ncpus=1:ngpus=2:mem=4gb:mpiprocs=1.ompthreads=1

vytvofena Utery 3. kvétna 2022 16:37:25

zpusobila k béhu Utery 3. kvétna 2022 16:37:25

posledni zména stavu Utery 3. kvétna 2022 16:37:54
komentar Can Never Run: Insufficient amount of resource: ngpus (R: 2 A: 0 T: 0)

There are no GPU machines in Elixir PBS

uloha server CPU vyhraz. pamét’ po
_ Cluster elmo3 belongs
t 1 4gb ..
mea 9 under Elixir PBS
pozadované 1:ncpus=1:mem=4gb:scratch_local=10gb:cluster=elmo3:mpiprocs=1:ompthreads=1

prostredky
vytvofena pondéli 9. kvétna 2022 21:31:34
zpusobila k béhu pondéli 9. kvétna 2022 21:31:34

poslecil Zm8Na . ondeli 9. kvétna 2022 21:35:55

24
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metacentrum " Debiani1 is here

As always, we keep Debian up-to-date on our nodes

Now we are gradually upgrading from Deb10 (BUSTER) to Deb11 (BULLSEYE)

However, some libraries may be missing on the new system...

gmx_mpi: error while loading shared libraries: libevent_core-2.1.s0.6:
cannot open shared object file: No such file or directory

Therefore we provide universal modules with these missing libraries

(BUSTER)vorel@skirit:~$ module ava debian

debi1anl@-compat debian7-compat debian8-compat debian9-compat
(BUSTER)vorel@skirit:~$ module add debianl®-compat
(BUSTER)vorel@skirit:~$ ls /software/debian-compat/debian*/11b

Users can still use other (older) modules...



metacentrum Debian11 is here

m Have you ever noticed that name in parentheses at the beginning of a line?

(BULLSEYE)vorel@nympha:~$ ... for Debianll
(BUSTER)vorel@nympha:~$ ... for Debianl0
(STRETCH)vorel@nympha:~$ ... for Debian9

m Do you know what does it mean?
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cesnet

metacentrum : Debian11 is here

https://www.debian.org/releases/index.en.html

27
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metacentrum New services

m Kubernetes/Rancher (CERIT-SC)
m Ready-to-use container-based applications (docker images) bermetos
= GPU SUppOI’t (NVIdIa A4O) https://docs.cerit.io/ ﬂ‘
m Runs in browser with GUI RANCHER

m JupyterHub, BinderHub Nextflow, KNIME, Ansys, Rstudio, Matlab,

https://wiki.metacentrum.cz/wiki/Kubernetes_-_Rancher https://metavo.metacentrum.cz/en/news/novinka_2022_0003.html

= gextend utility
m Users are allowed to prolong their calculations on their own

m The current limit is 2880 CPU hours, 30 days renewal period

gextend full_job_ID additional_walltime_hh:mm:ss
https://wiki.metacentrum.cz/wiki/Prolong_walltime

29 [ ) EEER HE_EEERN EEEE _EEER_HEN H_EEENE_BN [ J EEER H_EEEN EEEE
[ | [ | [ | [ ] H EHBE HEN HE B HE



30

metacentrum Take-home message

There is no reason to be afraid to use MetaCentrum

You can find plenty of information and instructions on our wiki

https://wiki.metacentrum.cz https://wiki.metacentrum.cz/wiki/FAQ

If you are lost - send an email to us

meta@cesnet.cz

If grid infrastructure does not fulfil your expectations, maybe the MetaCentrum
Cloud service would be a better choice

https://cloud.metacentrum.cz/
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