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Introduction & Motivation

Purpose: provide massive computing power to model and

analyse complex astrophysical phenomena and to accelerate
scientfﬁc discovery. :

S C}reation-‘;the Institute of Astrophysics built Ragnar to support

,é’ﬁgd,uate projects, doctoral theses and collaborative

= research requifing high-performance computing.

—

) Users: open to bachelor and Ph.D. stu-dents, postdocs and faculty
who need access to a high-performance cluster.


https://learn-more.supermicro.com/data-center-stories/hpc-applications-in-research-and-development-key-examples#:~:text=Astrophysics%20and%20Cosmology%20Simulations

Hardware resources

ragnar01-02 28
ragnar03—-06 20
136

Total

Compute nodes: 6 nodes dedicated to
simulations and data analysis.

~ Cores: 136 in total (28 cores on ragnar01-02, 20 -

cores on ragnar03—-06).
Memory: 1.28 TB across the cluster.


https://hpc.ncsu.edu/Documents/Storage.php#:~:text=The%20main%20types%20of%20storage,will%20only%20use%20these%20spaces

Cluster arch'it.ectu re

Login node

Group A = e 7'\ . Group B
ragnar01-02 : = = ; ragnar03-06
28 cores / 128 GB : - E 20 cores / 256 GB

‘Resource manager: SLURM

Operating system: CentOS (upgrade to Rocky Linux
forthcoming)


https://hpc.ncsu.edu/Documents/Storage.php#:~:text=The%20main%20types%20of%20storage,will%20only%20use%20these%20spaces

Partitions ahdi node states

_—

[root@ragnar -01 ~]# sinfo
PARTITION AVAIL TIMELIMIT NODES STATE NODELIST

LocalQ* up infinite 1 down* ragnar-06
LocalQ* up infinite 2 dlloc ragnar-[03-04]
LocalQ* up infinite 3 idle ragnar-[01-02,05]

[root@ragnar-01 ~1# ||

Partlﬁon LocalQ* is the default queue; jobs submitted
wnho% speufymg a partition will be queued here.

, ates nodes can be down (offline for maintenance);

~alloc| (aIIocated to running jobs) or idle (available).

géx-‘:“"&ample. in the screenshot ragnar-06 is down, ragnar-03-04
are allocated, and ragnar-01-02,05 are idle.


https://sites.google.com/nyu.edu/nyu-hpc/training-support/general-hpc-topics/slurm-main-commands#:~:text=Check%20cluster%20status%20
https://sites.google.com/nyu.edu/nyu-hpc/training-support/general-hpc-topics/slurm-main-commands#:~:text=The%20squeue%20command%20lists%20jobs,or%20with%20specific%20job%20ID

Storég-e & -fil'e-systems e -

Data management tips: ¢ o S S -
¢ Keep only scripts and small files in /mnt/nfs1. : :
e Use /scratch for large simulations and temporary output. 3
¢ Move important results back to your home directory for backup. > -

617}


https://hpc.ncsu.edu/Documents/Storage.php#:~:text=The%20main%20types%20of%20storage,will%20only%20use%20these%20spaces
https://hpc.ncsu.edu/Documents/Storage.php#:~:text=Scratch%20directory

Opefating eh\)ironment_ ' ik L

6 Operating system: . Rs

CentOS Linux on all nodes; upcoming upgrade to Rock'y Linux.

‘ " Module systém: g S
Lmod provides environment modules; EasyBuild manages reproducible software builds. -

8][9%


https://lmod.readthedocs.io/en/latest/010_user.html#:~:text=The%20module%20command%20sets%20the,list%20the%20modules%20loaded%20by
https://docs.easybuild.io/what-is-easybuild/#:~:text=What%20is%20EasyBuild?%C2%B6

Access & login . £

Network access: :
connect from the university ne
A e s

~SSH connection: =
use SSH to reach the login node before s

==

Etiquette: s __
never run heavy computations on the login node; only ] -
scripts and monitor jobs from there. - i : — : -

10][41


https://ncar-hpc-docs.readthedocs.io/en/latest/getting-started/best-practices-for-supercomputer-users/#:~:text=,for%20their%20intended%20purposes%C2%B6
https://ncar-hpc-docs.readthedocs.io/en/latest/getting-started/best-practices-for-supercomputer-users/#:~:text=

Connection workflow .

Compute nodes
ragnar01-02
ragnar03-06

User -
Internet

Management

Login node )
services

Centralised storage
/mnt/nfs1 & /scratch

Users connect via SSH from the Internet to the login node. Jobs are scheduled through management services to compute'nodes. Compute nodes read and write data from shared
storage (/mnt/nfs1) and local scratch for high-throughput I/O. ! : = : -


https://ncar-hpc-docs.readthedocs.io/en/latest/getting-started/best-practices-for-supercomputer-users/#:~:text=,for%20their%20intended%20purposes%C2%B6

Account creation

L
Submit your account request at astrounab.cl/cluster, where yo

-

Evaluation criteria: : = g

 Proposal quality — projects funded by national or international gra
* Applicant CV — early career researchers are judged fairly based on stage
* HPC experience — assess whether your programme wiI_I}sc‘H&__éff.ici'entiy. ;
* Contributions — previous publications, theses and collaborafm;cdaéidered.

-



https://solicitudes.nlhpc.cl/
https://solicitudes.nlhpc.cl/

Account request form .

Last Name

Email

D or Passport

University

o o At el Access the form at https://astrounab.cl/cluster/ and be prepared to provide the following -

Faculy . information:
. P

Department/Center

General data: first and last name, institutional email, phong, ID/passport, university, faculty
and department. .

Technical Requirements

Project Details

Technical requirements: project details, publicationplan, software and version, need for
GPUs, storage estimates and CV upload.

Publication Plan

Policies & confirmation: you must accept the usage policies, cite the cluster in publications,
Name of the software and specific version authorise data use for statistics and confirm non-commercial use.

GPU needed?
No

Approximate storage needs (GB)

Upload CV (PDF) or resume



https://solicitudes.nlhpc.cl/

Policie

Authorised users: researchers, academics and students; external collaborators with approva

5 Responsibilitie:
confidentiality.

Best practices:

designated areas (/home, /scratch).

Confirmation: users must accept these policies to obtain an account.

s & agreement

: protect data, use resources only for scientific purposes and respect

optimise resource usage, request licensed software properly and store data in

Data Protection: Users are responsible for backing up and protecting their data. The university is not responsible for data loss due to misuse, technical failures or natural
disasters.

Periodic backups of critical data are recommended.

Proper Use of Resources: Cluster resources must be used exclusively for academic, research or technological development purposes. Commercial, personal or unauthor
is prohibited.

Confidentiality: Users must ensure the confidentiality of sensitive or personal data stored on the cluster. Do not share confidential information with third parties without
authorization.

Compliance with Regulations: Users must comply with university regulations, Chilean laws and international research ethics standards.
4. Best Practices
Resource Optimization: Users should optimize the use of resources (CPU, memory, storage) to avoid waste. Use job queues and plan executions to maximize efficiency.
Software and Licenses: Only authorized and properly licensed software may be used. Users must request additional software installation from the cluster administrator.
Storage: Data must be stored in designated areas (for example, /nome, /scratch). Temporary data should be removed once jobs finish to free space.

-ess credentials (username and password) must be kept secret. Account sharing is not allowed under any circumstances.
5. Prohibitions

Unauthorized Activities: The cluster may not be used for illegal or fraudulent activities or those that violate third-party rights. Cyber attacks, port scanning or any malicious
are forbidden.

System Alteration: Users must not install, modify or delete software, libraries or system settings without authorization. Accessing system areas outside assigned director
prohibited.

Excessive Resource Use: Jobs that consume resources disproportionately and affect cluster performance for other users are not allowed.
Inappropriate Data Storage: Storing personal, pornographic, ilegal or copyright-infringing data is not permitted.
6. Penalties for Non-Compliance
Minor infractions will result in a written warning
Temporary Suspension: Repeated or serious infractions wil result in suspended access for a determined period.
Permanent Suspension: In extreme cases (e.g., legal or malicious activities) access will be permanently revoked.

Legal Liability: Users will be liable for any damage caused by violating these policies.

7. Maintenance and Availability

Scheduled Maintenance: The cluster may be unavailable during scheduled maintenance periods. Users will be notified in advance.
Technical Failures: In case of technical failures, the support team will work to restore service as soon as possible.
Job Prioritization: During high demand, critical research jobs or those with urgent deadiines will be prioritized.

8. Technical Support

Questions and Issues: Users can contact the support team via email: eugenioguerraog


https://solicitudes.nlhpc.cl/

Software overview

Astronomy Astropy, IRAF, DS9, SExtractor
Languages Python, Julia, MATLAB, R
Visualisation Gnuplot, Matplotlib, ParaView
Utilities Git, CMake, MPI, CUDA

» :
Eﬁ’@-onment modules are grouped by toolchain and architecture.
' Lmod commands to load, search and manage packages.


https://lmod.readthedocs.io/en/latest/010_user.html#:~:text=The%20module%20command%20sets%20the,list%20the%20modules%20loaded%20by

List loaded modules
Display currently loaded modules.

List available modules™
List all software grouped by toolchain.

.
Search for a package :
Find all versions and prerequisites of a modu

Load a module

Activate a software version and its dependencies.
T

Unload / purge modules
Remove a specific module or reset to a clean environment.

18][49][20][21



https://wiki.nlhpc.cl/Lmod#:~:text=Listar%20y%20Buscar
https://wiki.nlhpc.cl/Lmod#:~:text=Filtrar%20por%20arquitectura
https://wiki.nlhpc.cl/Lmod#:~:text=Mostrar
https://wiki.nlhpc.cl/Lmod#:~:text=Cargar

Available modules

[rootéragnar-@1 ~J# ml av

Aladin/12.060
Autoconf/2.69-GCC-4.9.3-2.25
Autoconf/2.69-GCCcore-8.3.0
Autoconf/2..69
Autoconf/2.71-GCCcore-12.3.0
Autoconf/2.71-GCCcore-13.2.0
Automake/1.15-GCC-4.9.3-2.25
Automake/1.15
Automake/1.16.1-GCCcore-8.3.0
Automake/1.16.5-GCCcore-12.3.0
Automake/1.16.5-GCCcore-13.2.0
Autotools/20150215-GCC-4.9.3-2.25
Autotools/20150215
Autotools/20180311-G(Ccore-8.3.0
Autotools/20220317-GCCcore-12.3.0
Autotool 5/20220317-GCCcore-13.2.0
BLIS/0.9.0-GCC-12.3.0
Bison/3.0.4-GCCcore-4.9.3
Bison/3.0.4
Bison/3.3.2-G(Ccore-8.3.0
Bison/3.3.2
Bison/3.8.2-G(Ccore-12.3.0
Bison/3.8.2-GCCcore-13.2.0
Bison/3.8.2
Brotli/1.1.0-GCCcore-13.2.0
CASA/6.2.1-7
CASA/6.7.0-31-py3.12
CFITSI0/4.3.1-GCCcore-13.2.0
(Make/3.26.3-GCCcore-12.3.0
(Make/3.27.6-GCCcore-13.2.0
DB/18.1.32-GCCcore-8.3.0

©

()

o

©

©

©

OpenSSL/1.1
PCRE2/10.42-GCCcore-13.2.0
PMIx/4.2.4-GCCcore-12.3.0
PMIx/4.2.6-GCCcore-13.2.0

~local/easybuild/modules/all

®

Perl-bundle-CPAN/5.38.0-GCCcore-13.2.0

Per1/5.30.0-GCCcore-8.3.@-mininal
Per1/5.30.0-GCCcore-8.3.0
Perl/5.36.1-GCCcore-12.3.
Perl/5.38.0-GCCcore-13.2..
Python-bundle-PyPL/2023. 1
Python/3.11.3-GCCcore-1;
Python/3.11.5-GCCcore-1:
Rust/1.73.0-GCCcore-13.
SDL2/2.28.5-GCCcore-13.
SEWN/2.10.0
SExtractor/2.28.2-GCCcore-13.2.0
SQLite/3.42.0-GCCcore-12.3.0
SQLite/3.43.1-GCCcore-13.2.0

)
)
0-G(
2.3.0
3.2.0
2.0
2.0

®

CCcore-13.2.0

(]

«
ScalAPACK/2.0.2-gompi-2016a-OpenBLAS-0.2.15-LAPACK-3.6.0

ScalAPACK/2.2..0-gompi-2023a-fb
52ip/2.1.1-GCCcore-12.3.0
Tc1/8.6.13-GCCcore-12.3.0
Tc1/8.6.13-GCCcore-13.2.0
Tk/8.6.13-GCCcore-13.2.0.
UCC/1.2.0-GCCcore-12.3.0.
UCC/1.2.0-GCCcore-13.2.0.
UCX/1.14.1-GCCcore-12.3.0
UCX/1.15.8-GCCcore-13.2.0
UnZip/6.0-GCCcore-12.3.0
UnZip/6.0-GCCcore-13.2.0.
WRF/4.5.1-foss-2023a-dnpar

®

®

®
®
©

hwloc/1.11.2-GCC-4.9.3-2.25
hwloc/1.11.12-GCCcore-8.3.0
hwloc/2.9.1-GCCcore-12.3.0
hwloc/2.9.2-GCCcore-13.2.0
intltool/0.51.0-GCCcore-13.2.0
jbigkit/2.1-GCCcore-13.2.0
1ibGLU/9.0.3-GCCcore-13.2.0
Tibarchive/3.6.2-GCCcore-12.3.
Libarchive/3.7.2-GCCcore-13.2.
Libdeflate/1.19-GCCcore-13.2.0
Libdrm/2.4.117-GCCcore-13.2.0
libevent/2.1.12-G(Ccore-12.3.0
libevent/2.1.12-GCCcore-13.2.0
Tibfabric/1.18.0-GCCcore-12.3.
Tibfabric/1.19.0-GCCcore-13.2.
1ibffi/3.4.4-GCCcore-12.3.0
1ibffi/3.4.4-GCCcore-13.2.0
Libglvnd/1.7.0-GCCcore-13.2.0
libiconv/1.17-GCCcore-12.3.0
libiconv/1.17-GCCcore-13.2.0

ss

ss

libjpeg-turbo/3.0.1-GCCcore-13.2.|

libpciaccess/0.14-GCCcore-8.3.0

libpciaccess/@.17-GCCcore-12.3.0
libpciaccess/0.17-GCCcore-13.2.0

1ibpng/1.6.40-GCCcore-13.2.0
Libreadline/8.0-GCCcore-8.3.0
Libreadline/8.2-GCCcore-12.3.0
Libreadline/§.2-GCCcore-13.2.0

1ibtool/2.4.6-GCC-4.9.3-2.25
1ibtool/2.4.6-GCCcore-8.3.0
1ibtool/2.4.6

@

®

®

(O]
®

@®

)

@

command lists all available modules grouped by the toolchain used for
lation. o =

ider <name>' to display descriptions, versions and prerequisites fora
ackage.


https://wiki.nlhpc.cl/Lmod#:~:text=El%20comando%20ml%20o%20ml,los%20m%C3%B3dulos%20que%20est%C3%A9n%20cargados
https://wiki.nlhpc.cl/Lmod#:~:text=Para%20buscar%20si%20est%C3%A1%20disponible,y%20un%20nombre%20a%20buscar

EasyBuild & additional software

¥
Whatis EasyBuild? - - ;
A framework that automates building and installing smentlflc softw inaging dependencies.
Co-existence of versions: EasyBuild installs each version in a separate’ prefix and ger i ' nment r‘nodules S0 you can switch between them.

Requesting new software: if a package is missing, contact the clustet administrator W|th the version and your project details. The team will evaluate feasibility and
provide an EasyBuild recipe. : o


https://docs.easybuild.io/what-is-easybuild/#:~:text=What%20is%20EasyBuild?%C2%B6

WhatisSSLURMz e e

Definition:

resource usage.

Purpose: s
co-ordinates queues (partitions), nodes and tasks so multiple use‘@_cqin‘s___ha‘re
accounting. : e %

- X v “'i\ihs. s\ : "
Global adoptlon SR :

SLURM is the de facto standard on most academlc and national supercomputers worldwide due to |ts scalablllty, flexibility and open development model.

. It handles job submission, prioritisation, scheduling and


https://sites.google.com/nyu.edu/nyu-hpc/training-support/general-hpc-topics/slurm-main-commands#:~:text=Check%20cluster%20status%20
https://sites.google.com/nyu.edu/nyu-hpc/training-support/general-hpc-topics/slurm-main-commands#:~:text=The%20squeue%20command%20lists%20jobs,or%20with%20specific%20job%20ID

SLURM overview - -

ATas.ks (-n): number of MPI processes to launch. i
CPUs per task (-c): threads within each task (OpenMP or intr:
Memory (--mem): total RAM requested for the job. e
Time (--time): wall-clock limit; jobs exceeding this limit are termi

[271-


https://docs.ycrc.yale.edu/clusters-at-yale/job-scheduling/#:~:text=Interactive%20Jobs

Batch script: 1 task x 20 cores

#!/bin/bash

module load python/3.11.3
srun python my script.py

‘Submit with sbatch script.sh; monitor with squeue.

[28] -


https://docs.ycrc.yale.edu/clusters-at-yale/job-scheduling/#:~:text=Interactive%20Jobs

Batch script: 1 task x 28 cores

#!/bin/bash

module load python/3.11.3
srun python heavy task.py

'Request more cores and memory for heavily parallel applications.

[29] -


https://docs.ycrc.yale.edu/clusters-at-yale/job-scheduling/#:~:text=Interactive%20Jobs

Command dufputs - " | e _

Node status (sinfo)

30][31][32 c


https://sites.google.com/nyu.edu/nyu-hpc/training-support/general-hpc-topics/slurm-main-commands#:~:text=Check%20cluster%20status%20
https://sites.google.com/nyu.edu/nyu-hpc/training-support/general-hpc-topics/slurm-main-commands#:~:text=The%20squeue%20command%20lists%20jobs,or%20with%20specific%20job%20ID
https://docs.ycrc.yale.edu/clusters-at-yale/job-scheduling/#:~:text=Interactive%20Jobs

sinfo
Show node and partition status

squeue 5
List queued and running jobs =
-

sbatch -
Submit a batch script

srun
Run interactively in an allocated resource

scancel : -
Cancel a job

sacct
Query completed jobs E -

33][(34



https://sites.google.com/nyu.edu/nyu-hpc/training-support/general-hpc-topics/slurm-main-commands#:~:text=Check%20cluster%20status%20
https://sites.google.com/nyu.edu/nyu-hpc/training-support/general-hpc-topics/slurm-main-commands#:~:text=The%20squeue%20command%20lists%20jobs,or%20with%20specific%20job%20ID

Resource flags & parallelism G

(task parallelism)

nMP (data parallelism)
cess usmg 20 thé‘!:s

Selecting resources na smgle node.
-n(-—ntasks) number of MPI processes to Iaunch use 1 for a si
- parallelism.
-c (--cpus-per-task): threads per process (OpenMP) Only request ext :
memory parallelism. 3
--mem: total RAM needed; request enough to prevent swapping.
--time: wall-clock limit; jobs exceeding it are terminated.

35][36][37


https://docs.icer.msu.edu/parallel_computing/#:~:text=Shared%20Memory%20with%20Threads
https://docs.icer.msu.edu/parallel_computing/#:~:text=Distributed%20Memory%20with%20Tasks
https://docs.icer.msu.edu/parallel_computing/#:~:text=Hybrid%20Parallel

Parallel com'p‘uting models

Task parallelism (MPI) i Data parallelism (OpenMP) Hybrid

Combines MPI between nodes with OpenMP
threads inside each node for many-core
architectures.

Independent processes with private memory Threads share a memory space and divide data

communicate via message passing across nodes. among themselves on a single node.



https://docs.icer.msu.edu/parallel_computing/#:~:text=Shared%20Memory%20with%20Threads
https://docs.icer.msu.edu/parallel_computing/#:~:text=Distributed%20Memory%20with%20Tasks
https://docs.icer.msu.edu/parallel_computing/#:~:text=Hybrid%20Parallel

Parallelism in practce @~ =~ i

MPI program :
Matrix multiplication using 4 MPI processes across nodes

OpenMP program s
Large array computation with 20 threads on

Hybrld program S
4 MPI processes each Iaunch|n§_7 threads.

[41][42][43]


https://docs.icer.msu.edu/parallel_computing/#:~:text=Shared%20Memory%20with%20Threads
https://docs.icer.msu.edu/parallel_computing/#:~:text=Distributed%20Memory%20with%20Tasks
https://docs.icer.msu.edu/parallel_computing/#:~:text=Hybrid%20Parallel

Best‘p‘ractic'es e -

* Request only the CPUs, memory and time you.actually r
e Use /scratch for large temporary data; /mnt/nfs1 is fo_r'_co
e Avoid saturating I/O with continuous large reads or writes.

e Cancel jobs you no longer need to free resources.

44][45][46


https://ncar-hpc-docs.readthedocs.io/en/latest/getting-started/best-practices-for-supercomputer-users/#:~:text=,for%20their%20intended%20purposes%C2%B6
https://ncar-hpc-docs.readthedocs.io/en/latest/getting-started/best-practices-for-supercomputer-users/#:~:text=
https://ncar-hpc-docs.readthedocs.io/en/latest/getting-started/best-practices-for-supercomputer-users/#:~:text=,temporary%20files%C2%B6

Data manag'ement

Home vs scratch:
store your code and small files in /mnt/nfsl it is backed up bu
use /scratch on the compute node for large data and intermed

: EeE
Moving data

47][48



https://hpc.ncsu.edu/Documents/Storage.php#:~:text=The%20main%20types%20of%20storage,will%20only%20use%20these%20spaces
https://hpc.ncsu.edu/Documents/Storage.php#:~:text=Scratch%20directory

Graphical applications with ThinLinc

i'ge datasets without downloading them.
;Lﬂrng runnlng sessions W|thout tmux or screen.

—ThinLinc éan be less stable than_SSH; reconnect if disconnected.
— Do not run heavy simulations inside the ThinLinc session—submit jobs via
SLURM. 3


https://docs.rcc.uchicago.edu/thinlinc/main/#:~:text=Connecting%20with%20ThinLinc
https://docs.rcc.uchicago.edu/thinlinc/main/#:~:text=The%20default%20setting%20for%20the,client%20in%20its%20own%20window
https://www.cendio.com/usecase/high-performance-computing-hpc/#:~:text=High,minds%20making%20use%20of%20them
https://www.cendio.com/usecase/high-performance-computing-hpc/#:~:text=Regardless%20if%20you%20choose%20to,accessibility%20of%20your%20HPC%20resources

[53]-

Modelling gravitational waves and-’calvibrating cosmo

Processing large astronomical catalogues and transien

Comparing performance: cluster vs laptop.

sl



https://learn-more.supermicro.com/data-center-stories/hpc-applications-in-research-and-development-key-examples#:~:text=Astrophysics%20and%20Cosmology%20Simulations

Conclusioh &-support o e

-

Empower your research:-the Ragnar cluster offers 136 cores a _‘

=
Optimise resource usage: plan jobs with SLURM, choose the }lg

.



https://learn-more.supermicro.com/data-center-stories/hpc-applications-in-research-and-development-key-examples#:~:text=Astrophysics%20and%20Cosmology%20Simulations
https://ncar-hpc-docs.readthedocs.io/en/latest/getting-started/best-practices-for-supercomputer-users/#:~:text=,for%20their%20intended%20purposes%C2%B6
https://lmod.readthedocs.io/en/latest/010_user.html#:~:text=The%20module%20command%20sets%20the,list%20the%20modules%20loaded%20by

Com'm-unit-y'&‘training B -

e
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https://ncar-hpc-docs.readthedocs.io/en/latest/getting-started/best-practices-for-supercomputer-users/#:~:text=,for%20their%20intended%20purposes%C2%B6
https://hpc.ncsu.edu/Documents/Storage.php#:~:text=The%20main%20types%20of%20storage,will%20only%20use%20these%20spaces

