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CGALICIA SUPERCOMPUTING CENTER

Galicia Supercomputing Center (CESGA)

A Founded irnL993
A Placed irSantiago de Compostela, Galicia, Spain

A Board of Trustees composed of members frigonta de Galicia (Regional Governmeat)d CSIC (the Spanish National
Research Council)

A Mision: contribute to the advance of science and technology via research and application of high performance computing
and communications

A CESGA offered supercomputing services to more 1489 researchers 2023

A CESGA colaborates in research projects with other institutions
A Participated in more thaB00 projects (mostly European!) since the begining

Infrastructure, Researchand the RoadAhead



CESGA Staff

Around 50 people in total (and growing!)

Technical staff: Physicists, Computer Scientists,
Telecommunicaction engineers, Matematicians,
etc.

Most departments do research and/or support
researchers
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. O-CESGA lITC -
CESGA Spainand Europe oosovie  CNASERIC
uz-©
A CESGAhelongsto the SpanishSupercomputingNetwork (RES)
A Composedf 14 Supercomputingenters

CIEMAT*@~UAM

Q——-'COMPUTAEX

A CESG#s a SingularScientificTechnicalnfrastructure (ICTS)n Spain integratedin RES "CIEMAT

A SecondargestSupercomputingcenterin Spain(only after BSC)
A Finisterraelll has apeakperformanceof 4,36 PetaFLOPS

A Most of the projectsin which CESG participatesare Europeanprojects

A CESG#eadsthe GalicianQuantum TechnologyHub
A Quantumcomputing communicationsind sensors mg( y
A Galiciarcolaborativeeffort . e Gs

A CESGA hame of the first quantum computersin SouthEurope m

RED ESPANOLA DE

Infrastructure, Researchand the RoadAhead
SUPERCOMPUTACION
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Historyof / 9 { DSugeeomputers

1993 . 1998
VP2400 = D00 o 300 £P 3068

25 GFLOPS 145 GFLOPS 12 GFLOPS 96 GFLOPS 9.9 GFLOPS 64 GFLOPS 16 GFLOPS
2883 qbsoo 2804, 2085. 2886 2887 @ SO0 2088.2089.281.2812 2015
SUPERDROME SO SUG FINISTERRRE I SUG 2014, 2015 FINISTERRAE II

"

768 GFLOPS 4,142 GFLOPS 16.888 GFLOPS 26.888 GFLOPS 328.000 GFLOPS

Infrastructure, Researchand the RoadAhead
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FinisTerrae lll: 2022

714 processors of 32 cores eal2.848 coresn total)
157 GPU accelerators (mainlyidia A100)

126 TB of agregated memory

359 TBof storage in high performance SSD disks
Infiniband HDR 100 network

30 gubits simulator of a quantum computer

Peak performance4,36 PetaFLOPS

Infrastructure, Researchand the RoadAhead
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Processor

Cores

Memory

Local Disk

GPU

Low
Latency
Network

FinisTerradll

Thin GPU Viz Fat Transfer
nodes nodes nodes nodes nodes
256 64 16 16 2

2X Intel Xeon Ice Lake 8352Y 32 cores 2.2 GHz

64
256 GB 2TB 256 GB
1920 GB 960 GB
960 GB SSD NVMe SSD SSD
NVMe NVMe
2X Nvidia Nvidia
A100 T4

Quantum
Simulator

Atos
QLM

30 qubits

Infiband HDR 100

Infrastructure, Researchand the RoadAhead

+ additional multi GPU nodes
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StorageSystems

A NASNetAppCabinet 3.3PB

A HighPerformance_ustrebasedStoragesystem 1PB
A HighCapacityLustrebasedStoragesystem 3PB

A TapelLibrary 25 PB

A Ceph 3PB

A AggregatedStorage >35 PB !

Infrastructure, Researchand the RoadAhead
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QuantumRandomNumberGenerator(QRNG)

A QuantumRandomNumber Generator(QRNGfrom the companyQSIDE
A We are building a better interface to givean easieraccesgo the QRNG

A Userscanalreadyaccesst!

&) QUSIDE

Infrastructure, Researchand the RoadAhead



Quantum Computer
Emulators

A Quantum Learning Machin®{M) de 30
gubits (ATOS)

A CESGA researchers reaciB&dqubit
simulations

A Qulacs A64FX Quantum Simulator 32
qubits (Fujitsu)

A Other emulators on FT@Qiskit aer,
projectQ, YAOQ, etc.)
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QuantumComputer

A Alreadyinstalledat CESGA
A 32 superconductingqubits,

A TheQuantum Computerin a public institution with more
gubits in SouthEurope

Infrastructure, Researchand the RoadAhead
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https://www.cesga.es/infraestructuras/aplicaciones/

Bioinformatics

Chemistry and Materials

Machine Learning ©

Multiphysics and CFD

O
Visualization and data formats

O
And many others r

Infrastructure, Researchand the RoadAhead
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GALICISUPERCOMPUTING Usage per App|lca’[|0n

CENTERCESGA .
& ) % time
ig-tree @ = Gromacs = Otro
Srades B = VASP = g98/03/09
oommf ® = python = WRF
i I
dllar;l(;?: ) » LAMMPS m quantumespresso
blast ® m star-ccm+ = fastsimcoal2
N [
RAxMAL’tANDG 9 = ORCA = Flexpart
parsec W@ = R = cp2k
OpenFoam 8
abinit @0 = SIESTA cuda
Nemo : = Gadget = Nemo
Gadget
cuda W = abinit = OpenFoam
S'EZIT(Az m parsec = RAXML-NG
cp
R W = NAMD m blast
- .
Flz(:?;; p— = Molpro = diamond
fastsimcoal2 WD oommf COAWST
star-ccm+ .
quantumespresso I = spades = Ig-tree
LAMMPS D

WRF I

python M
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GaliciaSciencaand TechnologyNetwork (RECETGA)

FERROL AOVIEDO

CORUNA

PONTEVEDRA  OURENSE —>

VIGO
TORRECEDEIRA
VIGO
MARCOSENDE

APORTUGAL

Infrastructure, Researchand the RoadAhead
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ConnectedCenters UNVERSDADE Dt Copuy ~ G “@;
‘ lﬂglplt CSsSIC Secundary Schools

UniversidaggVigo

Public Entities _ Health Sector

™11 CEIDA CENTRO g ... 1 o
:t?pg'ifuu?u: ac oM : OCEANOGRAFICO B B REE
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Featured
Use Cases




GALICISUPERCOMPUTING // CES A

CENTERCESGA)

CGALICIA SUPERCOMPUTING CENTER

GalicianWeather Forecastingservice

mete\;BhuB

Infrastructure, Researchand the RoadAhead
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OceanForecastingservice(EuropeaniBl Area)

Ice concentration and velocity 08-Apr-2011

A
A
X

|
¥

Infrastructure, Researchand the RoadAhead
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GalicianPublicHealth Administration

A Fundacién Galega de Medicingenémica

genome_:v,"" <
A Genomicanalisys % m.
chromosomes

—~—

2

« >

A Leadby AngelCarracedo

-~

Infrastructure, Researchand the RoadAhead



Research
Lines

A




[+D+1

Research lines

HPC & Big Data

O
Applied Machine Learning / Deep Learning
O

Quantum Computing

O

Quantum communication%

E-learning technologies

O

Geographical informatiorg) Systems

info@cesga.gal




Big Data
DataScience
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Anomaly Detection

dlos i voncn L= == CSIC S
Infrastructure, Researchand the Roac DE GHLIC]H b7 g ESPANA DEECONOMIA S
ety CONSEO SUPLRION DE INVESTIGACIONES CIENTIFICAS L Desarrollo Regional

“Una manera de hacer Europa*®









The
Road
Ahead
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New InfrastructuresCESGA 2026
A Budget: 4 7, 4 tsixes) ( +

A Deadline: June 2026

A 4 Projects:

A Supercomputer: 15, 5 M
A Quantum Computer: 15 Mu

A Storage: 6,5 MU

A Datacenter: 10, 4 Mu

A The projects include budget for hiring new staff

Infrastructure, Researchand the RoadAhead
Jornadade Usuarios 2024

// GALICIA SUPERCOMPUTING CENTER
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We are hiring!

A7 positionsfor DataSpacegDatal.ife

A 4 positionsfor QuantumComputing(QuantumSpain
A 2 positionsfor FFPLUBroject

A Much more positionscomingin the nextyears

A More info: https://www.cesga.es/en/employment/

Infrastructure, Researchand the RoadAhead

V.

CESCA

CGALICIA SUPERCOMPUTING CENTER


https://www.cesga.es/en/employment/
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A iniciativa do Polo déecnoloxia€uanticas de Galicemntaconfinanciamentode:

Fondos REACT EU

AXENCIA * X %

GALEGA DE 5ox Y£ Xacobeo 2122 / J CESCA

INNOVACION Kok K

UNION EUROPEA

Centro de Supercomputacién de Galicia

Despregamentalunhainfraestruturabaseadaen tecnoloxiasuanticas da informacion que permita impulsdr-B+ien Galicia.
Apoiara transicion cara anhaeconomiadixital.

Operacion financiadpolaUnion Europea, a través do FONDO EUROPEO DE DESENVOLVEMENTO REXIONAL (FEDER)espostgiartérién &
pandemia da COVALO.

PROGRAMA OPERATIVO

FEDER GALICIA Unhamaneirade facerEuropa
20142020

Infrastructure, Researchand the RoadAhead
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Fondos do Plan de Recuperacién, Transformacion e Resiliencia

Quantum
SPAIN

GOBIERMNC
% DE ESPaRA

VICEPRESIDEMCIA
PRIMERA DEL GOBIEANC

MIMISTERIC
DE ASUNTOS ECONOMICOS
¥ TRAMSFORMACION DIGITAL

| digital gt

Financiado por m
la Unién Europea

TED ESTAMNOLA DE

SUPERCOMZLTACION

Plan de Recuperacion,
Transformacion
W v Resiliencia

SECHE AR DE X 160D
DE DIGITALZACION E
INTZLIGENCA ARTIFICIAL

NextGenerationEU

Apoiadoeconomicamentgolo Ministerio de Asuntos Econdmicos e Transformabiditaldo Gobernode Espafia a través da convocatorigpdoxectoQUANTUM
ENIA- proxectoQuantum Espafia, e pola Union Europea a traves do Plan de Recuperacion, Transformacion e Rdddei@emerationEldo marco daAxenda

Espandixital2025.

Infrastructure, Researchand the RoadAhead
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Plan Complementario de Comunicaciones Cuanticas:

Fondos NextGenerationEU (MRR)

ESPANA
PUEDE. _.

= GOBIERNO MINISTERIO
'q DE ESPANA DE CIENCIA

E INNOVACION
= P

o Financiado por
N |a Union Europea
i NextGenerationEU ‘

This work was supported by MICIN with funding from the European WestGenerationE(PRTRC17.11) and with own funding from the Galician Regional
Government through the "Plangdomplementariosle 1+D+1 con laGomunidadeg&utonomas in Quantum Communication.

Fondos propios da Xunta de Galicia a travésAdanciaGalega de Innovaciéon

AXENCIA
GALEGA DE
INNOVACION

Subvencionadpola AxenciaGalegade Innovacion

Infrastructure, Researchand the RoadAhead
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Fondos do Programa Marco de Investigacion H2020

Esteproxectorecibiufinanciamentodo programa de
investigacion e innovacion Horizonte 2020 da Union
Europea ervirtude do acordode subvencion n.°
951821.

<NE|AS|UE>

Infrastructure, Researchand the RoadAhead
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ADDITIONAL MATERIAL

Bl ICIB XUNTH MINSTERIO C S l C Union Europea
Infrastructure, Researchand the Roa(j DE GHL[C]H 'q mm oesconom i
a NSO S PR 8 HVEITIACKONER CIENTIGAS Desarrollo Regional

"Una manera de hacer Europa”
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Anomaly Detection

Union Europea
Fondo Europeo da
Desarrollo Regional

v XUNTA
Infrastructure, Researchand the }?oa(~}allCIB I DE GHL]CIH E ﬁ ok °“°°"°"'“ t cs l C

“Una manera de hacer Europa*
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Network SMART
Metrics Metrics

DCIM
Metrics

Infrastructure, Researchand the RoadAhead
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OS Network
Logs Logs

SLURM (03

Accounting Accounting

Infrastructure, Researchand the RoadAhead
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33487 metrics
10 Millhon  time series
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: HW-JUN-EX4500-SIS ~

Bandwidth
13 Gbps

10 Gbps

8 Gbps ‘
5 Gbps W‘u "J‘k"jl\ﬂ\ﬁa |
3 Gbps i _‘Ilfkﬂ"h‘

0 bps

W

0 10000 11:00

3.0 Gbps

4.0 Gbps

3.0 Gbps

2.0 Gbps

1.0 Gbps

0 bps

zab
zab .
zab (h L ack . switch 5 500- zabbi
Infrastructure, Red Zi infh g -FF-: -SVG31/2, C - - == zabbix.in[host=EX _SlISxe-0/ -Teth1.: . 500-515}

4500- ik L nlaceHP- 700- JN- 500-515)
zabbix. i




: Jjupyter Plot_Job_Metric-INTERACTIVELY Last Checkpoint: hace una hora (autosaved) & Logout

File Edit View Insert Cell Kernel Widgets Help Trusted | Python 2 Q

GALICISUPERCOL!
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B+ 2 A& B 4+ % MHRin B C W Code j

job_id | 1202278 |

metric | memcpy-socket0 V|
frequency | 15min V|
memcpy-socket0d
| | 3
| iR
1 o
144 D
- ‘:}
| S
] =
| 8
124
=]
ER =
g e
_ S
14 =
. ®
0.8 -

10h 12h 14h 16h 18h
Date

Infrastructure, Researchand the
c7129 c7130 c7131 c7132 c7133 c7134 c7135 c7136



GALICISUPERCOMPUTING
CENTERCESGA)

[ Job Statistics

& [ AW (O Noesseguro | 10.112.242.8:5006/bokeh_app

Job: load
1310183 T 1 3
Metric: 9 |
load b 04 - V Lo 5 Pl — G N s
Partition: thinnodes 1
Start: 2018-06-17 19:89
End: 2018-06-18 19:08
Number of nodes: 2
22
o
2
g
20
18
T T T T T T T
16h 20h 618 4h 8h 12h 16h

Date
Infrastructure, Researchand




SSH Attack Detection

Problem: Dally our public servers are scanned
and attacked

Detection: Correlate real -time SSH connection
Information to detect attacks

Objective: Automatically update router
configuration to stop the attacks
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Consumes SSH connection
information in real time

SSH Attack Detector]

Detects anomalous activity
Publishes suspicious IPs

i Applies new rules to routers

Infrastructure, Researchand the RoadAhead



GALICISUPERCOMPUTING
CENTERCESGA)

STATISTICS

METRIC

INDICATORS

METRIC

ADDED

AGED_OUT

Infrastructure, Researcnanatne KoagAneaa

CURRENT HISTORY (LAST 7D)

59

SINCE
ENGINE
START

609

691

7 DAYS AGO

El 534

HISTORY (LAST 7D)

7 days



Server Anomalous Performance

Problem: Parallel jobs are cancelled because
some of the nodes have poor performance.
Computation is lost.

Detection: Analyze & visualize server metrics
to spot the anomalous node

Objective: Automatically detect low
performance nodes
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: Jupyter memcpy results for slurm_job Last checkpoint: 10/02/2017 (autosaved)

File Edit View nsert Cell Kermnel Help Trusted Py
B + 3 & B 4+ % M B C Cok -] = o o
-
Memcpy c6904 Memcpy c6909
151 — Socket 0 1:& — Socket 0
— 1] Socket 1 i
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§ 104
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HBase SLURM
OpenTSDB SparkSQL

Execution HDM‘ / Batch system
metrics job information

Spark Anomaly Detector

i For each job analyzes time series

Alert



Relevant Projects
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The National Competence Centres (NCCs) are the central points of contact for HPC and
related technologies in their country.

Their missions are to:

+ Develop and display a comprehensive and transparent map of HPC competences
and institutions in their country

* Act as a gateway for industry and academia to providers with suitable expertise or
relevant projects, may that be national or international

¢ Collect HPC training offers in their country and display them in a central place to-
gether with international training offers collected by other NCCs

* Foster the industrial uptake of HPC 2025

NCC Spain

30 Aniversario Barcelona Eiﬂ:ﬁﬁ:ﬂh’ﬂ!ﬂ?&#‘;‘éﬁiﬂ? I [ SCAYLE
Supercomputing —  de Sistemas Complejos
Center 1 . : SUPERCOMPUTACION
/ Cantro Nacianal de Supercomputacian Universidad Zaragoza CASTILLA ¥ LEGN

GALICIA SUPERCOMPUTING CLRTLR

Infrastructure, Researchand the RoadAhead



o
The FF4EuroHPC Project

FFAHPC: HPC Innovation for European SMEs
Funded under the H2020T1{EuroHP€019-2 Call
Started 1.9.2020; 36 months duration
Coordinator:

H L R | S

Other Partners:

ARCTUR / J = A CINECA )|(scapos Teratec =

. ]
Centro de Super - |



NEASQC Project

= NExt Applicationsof QuantumComputing
= A 4year project starting 1st September 2020

= A multidisciplinary consortium of 12 q
: CESCA & =
companies and research labs At(gs AstraZeneca // I R €DF

= Funded by Horizon 204ffogramme

A under the complementary call of the Quantum
. D HOS
Technology Flagship \{%% L. 4Xpwssc (ICHEC

AndcT ac

T I I. Il ﬁ = UNIVERSITE
— UNIVERSIDADE DA CORURIA @ DE LORRAINE

TotalEnergies

Boosting practical applications of quantum
computing in the NISQ era
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A Goals | |
1. Set up a QKD link Santiagtigo: more tan 100kms ~ >"dle long link

Currentstatus: ,
¢ FibersVQCECESGA: ujpr tender B~ ‘ o~
¢ QKDequipment preparingtender UPM ICFO

V “ | + postQQKD

2. Demostrateminimum 2 usecase demos 4@‘7/

Currentlyexploring 4

. MixisQKD+5@o control drones \ith VQC
GRADIANT)

. TransnationaQKD+posguantumlink

S | AXENCIA
GALEGA DE
INNOVACION

Infrastructure, Researchand the RoadAhead
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. QuantumSpain

The definitive boost to the quantum computing
ecosystem in Spain

A Quantum Spain aims to promote and We are 13 RES nodes+ 14
finance acompetitive and complete Universities and research
guantum computing infrastructuran centers
Spain.

A Quantum Spain is an initiative promotedObijectives:
by the Ministry of Economy through the Acq_uisition and installation of a quantum computer based on superconducting
Secretary of State for Digitization and ~ 9qubits technology. | | |
Artificial Intelligenceand financed with Create a remotg access system in the cloud tp allow industry and the public

sector to experiment with new quantum algorithms.
the Recovery_F_unds. Develop useful quantum algorithms, applicable to real problems. These
A Budget:e Hmillion FfI2NAGKYa 6Att SYLKEFAAT S (KS RS®St 2L
A Execution01/01/22 ¢ 31/12/25 deep connection with advances in Atrtificial Intelligence (Al).

Infrastructure, Researchand the RoadAhead
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