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Context

La missio Gaia
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* Llancament el 19-dec-2013

« Operacions cientifiques 25-jul-2014

 Finalitzacio prevista: Q1 2025
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Situat en una orbita tipus Lissajous al voltant del punt de Lagrange L2
Terra-Sol, a uns 1.5 milions de quilometres de la Terra




El consorci DPAC

Gaia Data Processing and Analysis Consortium

»~500 membres i f
24 agencies de finangament |
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Duracié MLA: 2007-2022+

Cost mitja anual: ~30M€
Cost global: ~500ME
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L'exit de Gaia
Cumulative number of Gaia papers

La missio de més rendimient cientific de ESA

(NASA-ADS: 5549 articles a 3/10/2021)




Objetiu cientific: la nostra Galaxia

Composicid, evolucio, dinamica i estructura de la Via Lactea
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The Ga:laxg,l s sparse, faint halo of stars is. /= 9LUUL ! W
roughly spherical, some 200 kiloparsecs l Dwarf galaxy.

across and only about 102 solar masses.
Stars in the outer halo are very old; those Dwarf malaxy.
in the inner halo are slightly younger. i
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The Gaia:y 5 largest component is roughly
spherical, several hundred kiloparsecs across,
about 102 times the mass of the Sun —

and completely invisible.
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This most photogenic part of the Galaxy

DWARF GALAXIES
The Large and Small
Magellanic Clouds

are the biggest known
dwarf galaxies, which
prabably formed in the
denser clumps of the
dark-matter halo. About
two dozen are known,
including Segue 1,
Ursa Major Il and the
Sagittarius dwarf.
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The 5aglt!arlll$ riwarf Erara zy is being pulled apart
.} by the Milky Way's gravity. with its stars strung
s out along its orbit. Many other streams from

long-dead dwarfs loop through the outer halo.

contains the spiral arms, is 30-40 kiloparsecs
across and about 5= 1010 solar masses.
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La Via Lactia;
una visio actualizada

_ Back-to-back jets of energy erupted from the
Galaxy's central black hole somve 10 million
years ago, lorming two bubbles of hot gas that
extend about 7,600 parsecs above and below
the galactic plane.

THE BIG PICTURE
Recenl data are illuminating the Mitky Way's
structure, including its bright disk and
the fainter features surrounding it.




Context

El grup Gaiaala UB




Gaia@UB

http://gaia.ub.edu

Equip Gaia a la UB

IPs: X. Luri, C. Jordi, F. Figueras




Ciencia con
Gaia

Direccion del grupo
F. Figueras, C. Jordi, X. Luri

Gestion de Proyectos
L. Balaguer

Contribucién al
procesado de Gaia

Surveys: WEAVE,

GaiaESO, etc.

Otras misiones
espaciales:
Euclid, Plato

Explotacion cientifica
F. Anders, T. Antoja, L. Balaguer,
T. Cantat, J. Carbajo, J.M. Carrasco
Castro, C. Fabricius, O. Jiménez,
D. Marin, E. Masana, M. Romero,
M. Weiler

DPAC: CU3, CU5, CU9,
DPACE, TFs
GST

Futuras misiones:

GaiaNIR, Jasmine

Tecnologia
J. Portell, J. Castafeda
S. Bartolomé, P. Bermeo, M. Bernet,
A. Garcia, J. Izquierdo,
A. Masip, F. Torra




El projecte cientific Gaia@UB

CU2 - Simuladors

Historia i evolucio de la Galaxia
 historia formaci6 estel-lar

e funcié de massa inicial

« disc i el seu ondulacié

e barra central

 bracos espirals 4
* acrecioé de galaxies :
« poblacions estel-lars

e cumuls estellars

« determinacio de distancies

CU3 - Astrometria

CU5 - Fotometria

CU9 - Arxiu

Desenvolupament tecnologic
« compressio
« aparellament d'observacions

* mineria de dades Big data
* intel-ligencia artificial
HPC/HTC Cloud

Metodologia computing

Mineria de dades




Linia de recerca

Computacio avangada per a
la missio Gaia




Necessitats de computacio intensiva

Donat el volum d’informacié que genera la missi6 Gaia el
nostre equip ha hagut d’adquirir expertesa en diverses arees:

* High-Performance computing i High-Throughput Computing
* Mineria de dades, Inteligencia Atrtificial, Big Data

» Eines de computacio: Spark-Hadoop, computacio al nuvol



GAIA EARLY DATA RELEASE 3
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MareNostrum (BSC-CNS)

* Projecte estrategic BSC-
CNS

* Dedicat al processat de
les dades de Gaia (IDU)

« Aplicacions de HPC

* Milions d’hores de CPU
anuals




Clusters de rang mitja (CSUC)

« Simulacions
 Desenvolupament de
Serveis Universitaris prOtOtipS de SiStemeS de

TR processat (IDT)
« Explotacio cientifica

Consorci de




Clusters i servidors propis (UB)

U  Desenvolupament de
programari
- Validacio de dades
« Explotacio cientifica
 Docencia



Eines per a I'explotacio cientifica de Gaia

Objectiu: proporcionar eines avancades de computacio i analisi
per a I’explotacio cientifica de Gaia

« Subproducte de les nostres responsabilitats en Gaia

« Basat en projectes europeus:
« GENIUS
e Spacious
« OCRE
« Lligat a la “Red Espanola de Gaia”, xarxa financada pel programa “Redes de
Excelencia” del ministeri, liderada per I'equip Gaia a la UB



Computacio al navol (I)

Al grup Gaia-UB vam comencar a valorar I'us de la computacié al nuvol

després del projecte GENIUS, seguit de projectes H2020 per al seu
desenvolupament en la explotacid de Gaia.

On-premises Infrastructure as a Service Platform as a Service

Applications Applications Applications
Data Data Data
Runtime Runtime
Middleware Middleware
Virtualization
No suposen estrictament una Storage
nova tecnologia, sin6 més aviat Networking | Neworking |
una innovacio en l'accés i forma

d'as dels recursos de computacio . TRt

Tipus de serveis als nuvol

Software as a Service

Applications

Runtime

Middleware

Virtualization
Servers

Storage

w

Networking




Computacié al navol (II)

Objectiu: adquisicié de know-how en |'us de les grans navols
comercials (CCS)

« Aplicacié a projectes propis: reduccié de costos i flexibilitat

« Avaluaci6 de la seva aplicacid a I'explotacié massiva de dades de
Gaia com a futur a complement a l'arxiu: coordinacido amb els
prototips de ESA (Google cloud)

« Disseminacio de l'expertesa en la comunitat Gaia (REG)
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OCRE

Open Clouds for Research Environments

OCRE(:H:  vone smor succsson
Accelerate cloud
adoption in the
European research
community

Cloud Winners Announced

Commodity-type commercial digital
services necessary for interdisciplinary
research activities.




OCRE: projecte Gaia UB

Open Clouds for Research Environments

100k€ en recursos de computacio al nuvol per a un projecte
integrat d'explotacié de dades de Gaia

We aim to use the unprecedented accuracy of the Early Data
Release 3 (EDR3) of the European Space Agency mission Gaia
published in December 2020, to investigate, for the first time in a
holistic way, the Milky Way (MW) star formation and its interaction
with its satellite galaxies.

Despreés de diversos retards s’iniciara el novembre de 2021



We aim to use

 the Gaia EDR3 catalogue (1.8 billion stars)

a Galaxy Model (BGM Fast)

Bayesian techniques

Machine Learning

Data Mining tools

an N-body simulation of interacting galaxies

to develop three complementary scientific analysis:

« to evaluate if the star formation history in the last 6-7 Gyrs is driven by
the interaction of the Milky Way with the Sagittarius satellite galaxy;

 to perform an orbital analysis of the interaction of the Magellanic clouds
with an unprecedented spatial and temporal resolution;

* to search for substructures in the Milky Way that are predicted by the

cosmological models and reveal crucial information on its collision history
and its Dark Matter content; 23



Our project will consume mainly laaS and PaaS cloud services:

1.

A Spark cluster (e.g. Azure HDinsight or Google Dataproc) for preliminary
calculations and asingle big run for 8 days using 1,424 CPUs, complemented
by 3TB in a Data-Lake for 10 months

A Linux Virtual Machine (VM) with 32 vCPUs for 3 months

A Linux VM up to 128 vCPUs or larger, depending the response capability of
ADQL queries to the Gaia archive for approximately 100,000 hours of CPU;
A Machine Learning Service to use mainly the Scikit-Learn library and shared
Jupyter Notebooks

The necessary data transactions and storage for Gaia data, catalogues,
simulations and products of scientific analysis

A reserve a budget for VM redundancy, unexpected cloud costs or further
calculations due to unexpected interesting results

24



Our projett will highlight the key benefits of the Commercial Cloud Services (CCS) by
demonstrating the efficiency of the scientific use of different cloud infrastructures.

-  We will demonstrate the agility of the CCS by quickly deploying the data mining
infrastructure needed for searching substructures in the Milky Way, in order to lead the
publication of the analysis after EDRS3.

«  We will show the scalability of CCS by running the BGM FASt Galaxy Model in a Spark
cluster (e.g. Dataproc or HDInsight).

* In parallel, the N-body code (ART) will run continuously in a big virtual machine during
more than 70 days, illustrating the high availability (e.g. using redundancy in Azure
Availability Zones ) and the fault tolerance of CCS.

Our project as a whole will illustrate the
flexibility of CCS and also its cost-effectiveness ,
showing how we can afford different types of
computational infrastructures for a given period
of time (1 to 10 months) paying only for the
consumed resources.




Consells per usar el navol

Familiaritzeu-vos amb els serveis generals que ofereixen els proveidors del navol
(maquines virtuals; bases de dades, laas, Paas, Saas)

Comproveu quins serveis generals s'adapten a les necessitats computacionals del
projecte

Reuniu-vos amb alguns dels proveidors. Poden ajudar a afinar les necessitats del
projecte

Definiu clarament els serveis que necessita el vostre projecte i quina potéencia
computacional.

Utilitzeu les calculadores de preus disponibles per estimar els pressupostos

Deixeu-vos aconsellar per lI'equip de la UB per gestionar correctament la contractacio




Experiéncia personal

El ndvol és una eina més: habitualment complementa altres recursos, no els
substitueix

La dificultat administrativa per a la seva contractacié ha sigut un obstacle
significatiu per a la seva adopcid, pero aquest problema s'esta resolent (licitacions
GEANT, Rediris, CSUC, experiencia UB)

L'adopcié del navol requereix un canvi d'habits i mentalitat, sobretot en planificacié
| control de la despesa

Aporta molta flexibilitat: disponibilitat a demanda, escalabilitat
Hi ha molta documentacié disponible i proves gratuites (Azure@UB)

Corba d'aprenentatge raonable; no requereix més suport d'experts que altres
recursos computacionals avancats (segons com en requereix menys)



Moltes gracies




