—
Rubén Alvarez @ ..

28/10/2020

ESA UNCLASSIFIED - For Official Use

L™ 4+ e e Sy H

Eurgaﬁ Space Agency
& i



2 SOLAR SYSTEM EXPLORERS

B

enuision

S W f oA

exomars martian moons

.~ . comet \
proba-3 smile interceptor fover exploration
(2022) (2023) (2028) (2022) (2024)
° ) ) °
% > m %Q% 0‘5’@3% % : \ ‘exomars
solar ) . ) : : Mars : trace gas
orbiter proba-2 soho hinode iris bepicolombo cluster : express: orbiter
(000-) : : (2003-) : (2016-)

(2020-) (2009-)  (1995-)  (2006-)  (2013-) (2018-)
° ° ° ° °

)
7y av

an

uenus express giotto double star smart-1 chandrayaan-1 chang'e 1

ulysses
(1930-2009) (2005-2014) (1985-1992) (2003-2008) (2003-2006)  (2008-2009) (2007-2009)

juice
(2022)
]

B ¥ 4 4 S

rosetta
(2004-2016)

cassini-huygens

Uranus

Eesa
&

ice giants mission CONCEPTS

IN DEVELOPMENT
ACTIVE
LEGACY



theseus

CONCEPTS spica
; % einstein ; :
IN DEVELOPMENT webb  ariel plato xrism probe athena
@021)  (2028) (2026) (2021) (2022) (2031)
4 ’ * ’ ’
xmm-
ACTIVE newton integral
(1999-) (2002-)
\
|
microwaves Xx-rays gamma rays
LEGACY planck herschel iso akari hipparcos corot iue exosat hitomi suzaku cos-b
(2009-2013)  (2009-2013) (1995-1998) (2006-2011) (1989-1993) (2006-2014) (1978-1996) (1983-1986)  (2016)  (2005-2015) (1975-1982) |
/
/““
/

/7
/sat/p t
/20 5-

r | micr oscope
(2016-2018)

i



50 Gbytes of data per
«EVA(CEIE)

copyright: Francois Mignard




DATA GENERATED PER DAY

100 PB 100000

10000
1 PB 1000
100
10
1TB i
RUBIN (LS5T)
SPOTIFY

TWITTER
CERN

FACEBOOK
GOOGLE



Space Science Archives - Volume (PB) 8 Eucld - 2022
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Launched on 19 12.2013
OBJe;:tlve to rhake the' . ;
I‘&rgest, most preg:lse%D
‘map of our galaxy b.y w
‘surveying more than 1000
million stars* s

. :
160 TB raw TM -> 1.5 PB
science products
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Cambridge, UK

Geneva, Switzerland
Toulouse, France
Barcelona, Spain

ESAC, Spain

Turin, Italy

o Data Processing Centres

Small external contributions from: Algeria, Brazil, Chile, China, Israel, United States, European Southern Observatory

Between 250 GB and 450 GB transferred every
day

Aspera (IBM) is the software used for data
transfers

Very efficient: UDP with fault tolerance, near-
zero latency, can use all available bandwidth if
needed
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CUS
Photometric
processing
Cambridge

Ccu4
Complex object
processing
CNES

« Data transfer software common
for all DPCs

« Each DPC can use their own

CU3 3
Initial Data Treatment / R Aslmrgelljri_c core | 5 VnriahilcillyJZmnlysis stora g e sySte ms r D BS an d
S Lok Wi GenevwISDC compute clusters. Data produced

has to be consistent with MDB
data model

Cul CU%
System/IT z lmem\edmte Data Update
architecture Barcelona

Cu6 cus
Spectroscopic asophysical || o Daily processing + cyclic
processing characterization .
cu2 CNES CNES processing
Simulations
Barcelona/CNES

cu9
Archive and

Catalogue access

ESAC
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Hadoop Oracle Hadoop Oracle

250 GB/day

>

ESAC
« DBMS - Intersystems Cache

+ Main driver - Performance (store tens of thousands of Java objects per second)

« IT storage — DB servers SSD local disks + network storage based on spinning disks with
SSD cache (NetApp)

+ Capacity - MainDB currently 775 TB. It stores metadata. Data is stored in NAS

IDTFL - Initial Data Treatment / First Look | AGIS - Astrometric Global Iterative Solution




Welcome to the Gaia Archive at ESA
— - DBMS - PostgreSQL
Gaia is a European space mission providing astrometry, photometry, and spectroscopy of more than 1000 @”'//

million stars in the Milky Way. Also data for significant samples of extragalactic and Solar system objects is

made available. The Gaia Archive contains deduced positions, parallaxes, proper motions, radial velocities, and ‘v
brightnesses. Complementary information on muitiplicity, photometric variability, and astrophysical parameters is
provided for a large fraction of sources.
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Main driver for the DB - performance

« PostgreSQL has specific functions for

Astronomy
Top Features
 Current size of the science archive -

# (itation /J Search © Download ~‘ Help
tens of TBs
How to cite and acknowledge Query for Gaia sources using Direct download of Gaia data For questions, suggestions or
Gaia. an ADQL (Astronomical Data files. problem reports, contact the

Query Language) interface in Helpdesk.

gaia archive visualisation
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Euclid MOC
ESOC
I =
Ground
Station \ogs/

SOC

ESAC

Public
Archive

« Around 900 GB will be
transferred every day from
SOC to SDCs

« DSS (http) is the software
that will be used for data
transfers

External data

\j> (DS 7981 J Minimisation of data transfers
q
" L]
Project Ofice
BN’ OUs:
RS - Pipeline

KiDS,...)

l | algorithms
spc | sbc specification &
HS % validation

sDC ']soc SDC =1

SDCs:
= Z T N m = S Pipeline SW
OU-PHZ | HE ou-vis s | -SPE OU-SIR -MER NR | | EXT
Ipmm: uor:::sm[ VIS imag i ::«Es Is;:;oml (NRSMO} [E:umdon rN:m ] ::o.u | deve|0pment_ &
OU coordinator data processing
"""""""""""""" OU deputy coordinator

Organisation of the Science Data Centers (SDC) under responsibility of the Euclid Consortium. The SDC are computing centers in charge of implementing and
running the data processing pipelines — Courtesy Euclid Consortium/ESA/SGS Team.



Euclid Archive System - EAS

Distributed data sets across SDCs and
centralized metadata (ESAC)

Registers any operation with data
Stores dependencies of data products

Keeps information on each stage of
the processing

DPS
Supports the data processing activities

SAS
Supports data releases and long-term
data preservation

DSS

Used to store data files

File location in metadata provides a
“global filesystem”

Data files
storage

Data files
storage

Data files
storage

Data files
storage

Data files
storage

Data files
storage

Data files
storage

Data files
storage

Data files
storage

A.N. Belikov et al.



ORACLE

Allows the data
processing
software to run on
any SDC
independently of
the underlying IT
infrastructure
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Storage node
interface
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Filesystems can be
specific per SDC,
e.g. GPFS, Ceph,
BeeGFS, etc

Large number of
small files and
small IO patterns

I+] European Space Agency
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local archive to workdir

SGS Consortium Services e e e workload manager 9]l pel IN€S 1IN O rd er to
SDC UK archive when job finishes - - .
O e minimize data moves
_______________ DSS stores files > DSS Service / Cluster \
Processing \ |  f  peeemememeeme—od "’_“LEHT‘M
Orders —— pilot jobs - - .
DRM Server Spinning disks + SSDs for
IAL retrieves A
Pilot gets| A 4 1
e [ |_A_|: ______ Pajzin:d I: P“‘ztl M Ca C h e
Pilot List e
Pilot 1 > .
— Ethernet, in some cases
pipelines ’| Payload Queue l infiniband
Job 1

b2 K

Slurm as job scheduler for

 pipelines
oo most of the clusters
g K = 1 e /
s_} Singularity as the

container technology

Mark S. Holliman
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EUROPEAN SPACE AGENCY '  SCIENCE & TECHNOLOGY o'

Euclid Science Archive System

%]
Q
= WELCOME TO THE EUCLID SCIENCE ARCHIVE SYSTEM
\i Euclid is an ESA mission to map the geometry of the dark Universe:
|4 « Discover the origin of the Universe's accelerating expansion.
o) « Discover the nature of 95% of the Universe: dark energy and dark matter.
e Measure shapes of galaxies di: byg ion due to dark matter.
=
ion of galaxies Iting from the action of gravity.
®»

DBMS - PostgreSQL

Main driver for the DB - several reasons: good performance, astronomical functions, big
community behind ...

Moving towards Greenplum for the Euclid catalogue in order to achieve the needed performance
and scalability

Estimated final size of the science archive — 10 PB (by 2030)



datalabs.esa.int
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esa | datalabs

early adopters scheduled for 04 2020

«YOU CAN EITHER MOVE YOUR QUESTIONS

OR THE DATA. [..] OFTEN IT TURNS OUT

TO BE MORE EFFICIENT TO MOVE THE
datalabs QUESTIONS THAN TO MOVE THE DATA.»

Jim Gray, eScience: A Transformed Scientific Method

BRING YOUR QUESTIONS TO THE DATA

There is a new paradigm, opening completely new opportunities for discovery —
a data-intensive approach to science. In many domains, we have entered what
could be called the golden age of surveys, with several large-scale projects,
spanning decades, between finished, ongoing, and planned activities. ESA is
responsible, or is a major partner, in several of these initiatives.

There is, however, a new profound change: data has become a major
technological challenge. Increases by multiple orders of magnitude in dataset size

means that transferring data to a scientist is often unfeasible.
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Vicente Navarro

Software as a Service

Platform as a Service

(=) ;
Infrastructure as a Service

™

A
ACR
X

ESA datalabs gives you a privileged position; bring your code directly to ESA's
infrastructure —there is a great set of tools and programming languages are
flexible — and execute it with direct access to ESA's archives.
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Data

Volumes

+ add from catalog +add custom
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Gaia data release vy

My Google Drive account

My data selection from Planck
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dropbox
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My Dropbox account

Some random webdav data

My home server
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Persistent Area

Persistent Shared Area

Volatile Area

. B

Data Collections

. Gaia data release
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Read-write access

Read-only access

European Space Agency
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NetApp:
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