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Introduction Sz‘jﬁ ATLAS

EXPERIMENT

The ATLAS distributed computing is opportunistically using resources of the Czech national

HPC center IT4Innovations through Czech Tier2 praguelcg?:

e Salomon (since December 2017) - to be
decommissioned in 2021

* 24 cores (Intel Xeon E5)
x 128 GB of RAM

e Barbora (since January 2020)

* 36 cores (Intel Cascade Lake 6240)
* 192 GB of RAM

e Anselm (February 2020 to January 2021)
- now decommissioned

x 16 cores (Intel Sandy Bridge)
x 64 GB of RAM
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A new machine, Karolina (128 cores, 256 GB of RAM), is in preparation.
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Job submission system (push model)
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o the ARC Control Tower (aCT) submits job description to one of the ARC-CE machines
e the ARC-CE processes the description and submits it to the HPC via ssh connection to login

node

e job's auxiliary files are shared between ARC-CE and Lustre storage via sshfs connection
e software used by running jobs is located on the Lustre storage
e output of finished job is transferred from the Lustre storage back to the ARC-CE machine

via sshfs

Push model is suitable for restrictive environment where only ssh connection though login
nodes is available ,i.e. not suitable for data intensive workloads (but support for those would be

appreciated)
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Migration to ARC-CE version 6 F(z‘% ATLAS

EXPERIMENT

e when this system was set up, the available ARC-CE version was 5
e later, version 6 was released with improved reliability and scalability, new systems for runtime
environment scripts and accounting, etc..

— solved our issues with accounting records lost during synchronization to APEL
e all ARC-CEs were migrated to version 6 during June/July of 2020.
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Sshfs & QATLAS
FZU EXPERIMENT
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e the connection via sshfs is a bottleneck of this system
— network saturation at about 60 Mbps on CentOS7 default version of sshfs (2.10)
e sshfs version 3.7 was released in January 2020

— it introduced max_conns option which enables the use of multiple connections
— with 10 connections, there is no saturation (with peaks over 1 Gbps)
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EXPERIMENT

Containerization EZ‘% ATLAS

e ATLAS can run its jobs inside of Singularity containers ) —
Since 2019 / Release ‘ Environment

) ] @/E‘K’V Application
— CVMFS access is required |

(Athena)

e the CVMFS is not installed on HPCs (but it would be Froseton
nice if this is something considered for future HPCs) x fisisgciogial

e singularity is installed on HPCs

Host

Fat
container un

o all the necessary software and condition data of one release (~300k files, ~30 GB)
e advantages

fat container snautary (§)

— number of files

* without the fat container, part of the CVMFS needed to be located on the HPC's
storage (12 million files)
x with fat container, about 10 million files could be removed

— hard to reproduce and debug timeouts to squid at praguelcg?
x the fat containers do not need to contact a squid
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Long jobs & SATLAS
FZU EXPERIMENT
Newly prepared HPC of IT4Innovation (Karolina; to be installed in 2021) is supposed to have

worker nodes with 128 cores

e on 128 cores, ATLAS simulation jobs would become rather short and opportunistic usage
would decrease
o there are several ways to increase the length:

— to have specific tasks with more events per job
pros: no changes would be needed in the site setup
cons: this costs time of production team experts
— run several jobs in parallel using harvester
pros: execution can be shaped in any way we need
cons: harvester is not CE replacement (it does not provide necessary functionalities
like reporting the accounting data into the APEL)
— run several jobs run within one pilot job
 this is basically a pull model which is running on the grid (the push model is
described on slide 3)
x on closed environment like HPC, it is tricky to make it work - jobs cannot
contact panda servers to get payload, cannot stage-in and stage-out

« for pull model, HPC's worker nodes have to have outbound connectivity
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EXPERIMENT

Long jobs F(Z(% ATLAS

Harvester — —>, ARC-CE ssh 3 login nodes
DPM storage & webday > ~
PBS
|l . /
| Panda Server [¢— g it oy (i) oy http
praguelcg2 IT41

e the ARC-CE receives a pilot and submits it to the HPC via ssh connection to a login node

e when the job starts in the batch system, pilot contacts panda server through http proxy
(praguelcg2 squid) to receive payload

e if it receives payload, it gets input file from DPM on praguelcg? via webdav (in modified
rucio container)

e when the payload finishes, it sends outputs to DPM on praguelcg? via webdav (in modified
rucio container)

e if this is finished within job length limit (defined in CRIC), pilot will request another payload

Acknowledgement: Thanks to Rod Walker et all for the help with this setup
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EXPERIMENT

Long jobs EZ‘% ATLAS

Timing:
e Analysis of job phases timing:

— file transfers (stage-in, stage-out): few seconds to few minutes
— single-core part of the simulation: ~ two minutes
— multi-core part of the simulation: this can vary significantly

* example: ~ two hours on 24-core nodes — ~ twenty minutes on 128-core nodes
— merge: ~ two minutes

e unless the multi-core part would be only few minutes long, the CPU efficiency might be
acceptable on 128 cores

Issues:

e proxy length issues
e no jobs in panda causing empty pilots
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Long jobs o

FZU
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Number of payloads per job:

Number of payloads per job on Salomon Number of payloads per job on Barbora
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e plots ignore jobs with
0 payload - empty pilot
1 payload - failing stage-in/stage-out during testing

ATLAS

EXPERIMENT

e when using allowed time of the opportunistic queue fully, we can run up to ~5 payloads in

one job on Salomon cluster and ~10 payloads in one job on Barbora cluster
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Performance (2020) % ATLAS

EXPERIMENT

i Slots of Running jobs WallClock Consumption of Successful and Failed Jobs - Time Stacked Bar Graph ~ Wall clock time. All jobs (HS06 seconds)
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e peaks in number of running job slots characteristic for opportunistic nature of the HPC usage

o the failure rate is rather low and comes as short peaks (often coming from infrastructure or
central problems)

e the opportunistic resources provided almost half of the wallclock of praguelcg2 in 2020
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Summary and Conclusions EZ‘% ATLAS

e migration to ARC-CE version 6 fixed problems with synchronization of accounting records to
APEL

o with sshfs version 3.7 using 10 connections. there is no network saturation between the
ARC-CE and HPCs

e fat containers allowed us to delete 10 million files on each HPC and avoid timeouts to squid

e system which allows running multiple payloads in one job was tested and is prepared for the
newest HPC

e the HPCs provided almost half of the wallclock of praguelcg2? in 2020
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