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Abstract

ESA’s Gaia astronomy mission, launched on Deceritbér 2013, provides the most accurate 3D map of the
Galaxy to date, observing 1.8 billion celestialestg in the Milky Way and beyond. The Gaia datacgssing is
handled by a European Scientific Consortium, DPM@até Processing and Analysis Consortium); compaged
around 430 scientists and engineers of 24 couritrigsirope and beyond, and six DPC (Data Proces3amjres) in
Europe. CNES is a major actor of DPAC as it hoststhe 6 processing centres: DPCC (DPC CNES)ghatdharge
of eight scientific chains dealing with spectrodcoprocessing (radial and rotational velocitieskhjeat
characterization for solar system objects, binagetaxies and quasars and astrophysical paracmtgsutations.

DPAC published data through regular releases. a$tedne was the Gaia Data Release 3 (DR3), whictaics
the result of the eight chains, processing 34 nmafttollected data. 80% of products published ale®ata Release
3 (DR3) were processed at DPCC. The Gaia catalisgueeal revolution and reference for all astroemraround the
world. The Gaia contribution was awarded by the Acam Astronomical Society via the 2023 Berkeleiz@r

Since 10 years, the CNES team of 25 engineers wiitk around 80 scientists, spread over laboratosike
provide the algorithms in Java code, that DPCQgiratees in pipelines and validate in an operaticeatre, based on
Big Data technologies.

DPCC deals with four operational challenges: dadame, complexity, performance and continuity. Theut
data volume is multiplied by 2 between 2 data m#eaWith 9 petabytes of dedicated storage andedataanges
ranging from 200 gigabytes to 3 terabytes per didly other centres, our data management conceptharé@st key
to the smooth running of the centre. Our successsis based on the adoption of a logic of contiisuewolution, a
kind of DevOps process, making the system robustdancreasing complexity. Then performance andinoity are
both linked to the same root cause: timelinesstcainss. A real expertise is therefore carried lmuthe engineers to
optimize as finely as possible the use of all g#sources of the computing and closely monitorestetu

To conclude, DPCC maintains its effectiveness aieaes its objectives for each new data releaketbrough
a well-defined human organization and a pragmair@ach to operations and planning.

Keywords: data volume, complexity, performance, continuifficeency, pragmatism

Nomenclature
Not applicable.

Acronyms/Abbreviations
CNES: Centre National d’Etudes Spatiales
CCD: charge-coupled device
CU: Coordination Unit
DPAC: Data Processing and Analysis Consortium
DPACE: DPAC Executive committee
DPC: Data Processing Centre
DPCC: DPC CNES
DPCE: DPC ESAC
DR: Data Release
DRC: Data Reduction Cycle
ESA: European Space Agency
ESAC: European Space Astronomy Centre
ESOC: European Space Operation Centre
MDB: Main DataBase
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MMI: Man-Machine Interface

NSS: Non Single-Star

RAM: Random Access Memory

SOC: Science Operation Centre

SAGA: System of Accommodation of Gaia Algorithms

1. Introduction

Gaia is a famous space mission of the EuropeaneSihgency (ESA), to provide a three-dimensional rofthe
Milky Way, for revealing the composition, formati@md evolution of our Galaxy. The main objectivédsnap the
sky in astrometry (stellar position, distances, amation), photometry (brightness and colours) apectoscopy
(radial velocities and astrophysical parametetshdasures the characteristics of more than olierbdbjects in our
galaxy —about one percent of its content- and beyaith unprecedented precision (less than 0.0@063econd and
even better for bright stars). Gaia extends thgipus catalogue from ESA’s Hipparcos mission byetdr 10 000,
while measuring many additional parameters, thaokbe repetitive observations of each object duthe last 10
years.

The Gaia satellite has been developed by Airbugmef and Space (DS, formely known as Astrium) @A Rnd
the control and mission centres are under ESO@nsspility.

The scientific data processing is delegated tdia Processing and Analysis Consortium (DPAC),ratids on
six Data Processing Centres (DPC) distributedralliiad Europe, which is in charge of elaboratingda&logue and
publish it for free for the entire scientific comnity.

The paper aims at explaining how the Data ProcgsSentre CNES (DPCC) meets its four challengesta da
volume, complexity, performance and continuity arths to a good balance between technical and aa#omal
solutions, allowing it to meet the ESA and DPAC tignconstraints while offering new possibilities fecientific
calculations.

2. The Gaia project
2.1 Satellite operations

The Gaia satellite is a spacecraft (figure 1) huiller an ESA contract by Airbus Defence and Spackoulouse
(France). It is equipped with a payload modulelttaround an optical bench that provides structsugport for the

two identical telescopes and the integrated sifagtal plane assembly, consisting of 106 CCDs witbtal of 938
Million of pixels (figure 2).

' - i Fig. 2. Gaia telescopes and integrated focal plxadit:

Fig. 1. Gaia Deployable Sunshield Assembly' fully ESA)
deployed at Astrium Toulouse (Copyright Astrium)

The Gaia satellite was orbiting around the Lagrgngjet L2, 1.5 million kilometers away from earth the opposite
direction of the sun. It scans the sky with combinetations, and records any object detected. Ac&ymlay for the
satellite involved 70 million detected sources, &@ilion measurements for astrometry, 155 millioeasurements
by wide band spectrometry, 13 million measurembgtsarrow band spectrometry.
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Launched on December 19, 2013 and initially planfeeda 5-year mission, the system has finally dedbits
exploration time, giving us 10 years of observaicBoming short of cold gas, observations stoppedamuary 15,
2025. The spacecraft retired on March 27, 2025 fimadly passed to DPAC for the whole science pssagy. Some
representative numbers of the overall mission arengn table 1.

Table 1. Number of data collected during the Gassion Operational data collected, ref. https://weag-
mos.esa.int/web/gaia/mission-numbers

Operational data collected Value
Volume of science data collected (in GB) - compedssaw data 141,038

Number of object transits through the focal plane
Number of astrometric CCD measurements
Number of photometric CCD measurements

67,336,261,480
2,635,171,720,297
530,821,357,368

Number of spectroscopic CCD measurements
Total number of CCD measurements (astrometric tquhetric + spectroscopic)

52,067881
3,218,055,119,401

At the end, Gaia satellite has collected an aves&dd0 observations per star, which allows ouestific community
to make amazing discoveries.

2.2 Data processing

During the course of the mission, Gaia scannedltligoroducing a continuous stream of data thanistalligible in
its raw format to the scientists who want to usélite task of converting the raw data into sci@lfy useful products
is entrusted to the 430 scientists spread acrose@dtries and software experts who form the GataProcessing
and Analysis Consortium (DPAC).

As shown in Figure 3, the Gaia DPAC has been spBtCoordination Units (CU) with an executive aoitiee: the
DPACE, in charge of the interface with ESA andYersee and coordinate the DPAC activities, relying ‘Project
Office’ team. Each CU is composed of members friffieregnt European laboratories, managed by a sietgader
and is attached to a DPC team which ensures theited coordination of the software developmentd execution.
The scientific algorithms are developed in javalzage by all CU members, then delivered to theesponding DPC
for integration in so-called ‘chains’.

One unit (CU9) is responsible for the preparatialidation, documentation and distribution of thai&catalogue
versions.

Located across Europe, the DPCs are in chargeooépsing one or more CU.

Gaia
r \ CU: Coordination Unit
(e PAC
l‘ Gala Project Team J —— DPACE ~1,

| Project Office [caasuemTeﬂ

: Gala Project Scientist ‘

CUC.

- - ‘1 "
e O (e ) o @ - 4;
Core Obyect Photometnc Spectroscopic Vanabiity Astrophysical . \
[ Processi Processing || Processinga|| Processing || parameters, 4' \,
g T | g e 4
e O — 1
0PC  ppe 0PC 0PC 0PC * oec @ v,
K ESAC Barcelona | K Torino Cambridge | | H Geneva ces ‘
= B3 - ¢
@ French labs contribution with 2 CU leaders (CU6, CU8) + 3 co-leaders (CU4) Ny ‘ 3\
©® CNES contribution : only one running 3 CUs - ’ ¢

DPC locations

SpaceOps-2025, ID # 3 Page 3 of 19



18" International Conference on Space Operations, MahtCanada, 26 - 30 May 2025.
“Copyright 2025 by the Canadian Space Agency (C8Abehalf of SpaceOps. All rights reserved. Onmare authors of this work are
employees of the government of France, which maglpde the work from being subject to copyrighEmnce, in which event no copyright is
asserted in that country.”

Fig. 3. DPAC organisation and DPC locations

The DPAC data processing requires to iterate sktieras over the data acquired during a predefpaibd - named
‘data segment’- in order to achieve high accuracigath calibrations and results delivered with @&Giata release.
These are called Data Reduction Cycles (DRC) kehdafimply ‘cycles’. Segments and cycles are desdrin Fig. 4.
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Fig. 4. Segments and Cycles in Gaia

These DRC always start from the beginning of thguesitions that is the first measurement on JulyZ® 4. Each
DRC led to a new release at the end of each cYbkelast public Gaia data release, called DR3 @al/84 months of
acquisition. The next one, called DR4 will coverriénths of acquisition, the initial satellite m@siduration.

After DR4 publication, DPAC will face off its lasthallenge: process 126 months of acquisition. Tédgcy is
expected not before the end of 2030.

2.3 CNES involvement
The CNES's role in the Gaia project can be summaii four key verbs: represent, support, build prediuce.

CNES represents the French contribution as a mewibdre DPAC Executive Committee (DPACE), oversgein
DPAC activities in consultation with the CoordiratiUnit and Data Processing Centre leaders, aadn@amber of
the Gaia Steering Committee.

As a funding agency, CNES supports French labdest@and institutes. French laboratories and CNEfether
account for one-quarter of the consortium's padiots.

As an expert in ground segment operations, CNESacteputy leader of the CUL System Architectackrests a
Data Processing Centre (DPC). The DPCC is oneedfitigest DPCs, as it hosts the processing offdataree major
Coordination Units (CUs): Spectroscopy (CU6), CommpDbjects (CU4: Solar System Objects, Multipler§ta
Extended Objects), and Astrophysical Parameters8JClhe DPCC team develops processing pipelinesdhas
hundreds of scientific algorithms and produces @8Hata for the next release thanks to a Big Pabaessing
cluster. Forty percent of DPAC's scientific softevés run at the DPCC.

The DPCC's involvement is also evident in the cointé data releases. In the most recent public dd¢émse (DR3),
80% of the new products were generated at the DPCC.

3. The four challenges

3.1 Data volume

In order to refine our data reduction, each Datie&&® processing starts from the first Gaia measemeonJuly 25,
2014 to an end data, as shown in table 2. Afteyed)s of acquisitions (i.e. DR5), the data proogsdeals with
several million and billion of values. In a stracimputer science sense, all measurements are eddaia 50GB/day
telemetry via ESA Estrack network. This amountaiath140TB of compressed telemetry.

Table 2 : Number of raw data collected during daala Release (G=giga)

Raw data DR1 DR2 DR3 DR4 DR5
until 16/09/2015  until 23/05/2016  until 28/05/2017  yntil 20/01/2020  until 15/01/2025
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Number of Astrometric 30,3G 524G 779G 142 G 265 G
transits
Number of Astrometric CCD 2729 G 472,2 G 701,7 G 1278,5 G 23855 G
measurements
Number of Photometric 30,3G 524G 779G 142 G 265 G
transits
Number of Photometric CCD 60,3G 1049 G 1559 G 284 G 530 G
measurements
Number of Spectroscopic 19G 3,1G 48G 9,2G 173G
transits
Number of Spectroscopic 58G 9,3G 145G 277G 519G

CCD measurements

Compressed TM Volume to ~16 TB ~28TB ~41TB ~75TB ~140TB
be processed

At each Data Release, DPCC has to manage more ardvsiume of input data.

But this input represents a small part of our pssed data; throughout our processing, a lot ofrimédiate data is
extracted and/or derived from this input raw d&iar. example, considering only the spectroscopicgssing (CU6)
performed at DPCC during DR4, DPCC has producedaif®ving volumes for 50 TB of input data:

» 500TB of intermediate data, i.e. "less valuablgadbut which can be combined to produce majomsifie
results - e.g. extracted, cleaned and calibrateD €@xctra, internal information about transits andrce,
etc.;

» 50TB of output data, i.e. major scientific resydsssed to the other CU of our consortium - e.g.bioed
spectra, radial velocities, etc.

As volumetry is clearly dominated by the interméelidata, our main challenge is to manage and @ndtris
data. At each data release, we often have to fwd solutions (new design, optimisations, etc.)nteo to deal with
the volume expansion.

In terms of output data, Gaia DR2 and DR3 are direzailable to all scientific communities from tBaia Archive
(https://gea.esac.esa.int/archive/). The total sizBR2 is 580GB and the total size of DR3 is abbdTB. These
releases seem quite small. But it should be rereezdbthat they only contain the golden nuggets @faG data
processing! Finally, the difference in volume betwdR3 and DR2 is remarkable: DR3 is 17 times lattgen DR2.
The addition of a single measurement year canngtiexthe difference in size between the two catadoversions.
In fact, this increase is due to the improvementhef scientific contributions. Between each releése scientific
algorithms become more complex and advance therstadeling of Gaia's measurements. This allows fier t
production of new scientific results and therefaorare volume to be managed by our DPCC.

At the end of the mission, DPAC will amass all trata produced by all DPCs -both the golden nuggatissome
less valuable data- as well as all the telemetigoone intermediate data - into a legacy archive. Sike of this final
archive is currently estimated at 2 PB.

3.2 Complexity

Gaia DPAC operations plan is then very complex cameg to many scientific space missions. The grasginent is
centred at the Science Operation Centre (SOC)ddéatDPCE (Data Processing Centre ESAC), whichaxa ‘hub’
for the exchanges of data between all centres.
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This centre gathered the raw and processed datd/iain Data Base (MDB) and sends it to each othe€ fo start
the processing of its CU, which can take from salvdays to several months according to the comigledi the
software. At the end and after scientific validataf its own results, each DPC sends them baclS#@E ESAC thus
collects all the results, ingest them in the MDBuN create the MDB-N+1 that will be the entry of tiext cycle.

For a data release N, the work starts by groupidvidual Gaia observations and matching them to#s on the
sky, generating a working catalogue of sourcesclwts the basis for the downstream data processiams and the
heart of the MDB-N.

Each new release comes also with new or enhanceldigis, which means new chains to develop, integvatidate
and operate. Due to this iterative data reductlmmnumber of systems in operation in the diffecemtres, the number
of interfaces exchanged between them and the d&ienes increase at each cycle.
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Fig. 5. The DPAC dataflow (DPACE courtesy)

Moreover, each time a new product enters the lit®pew interfaces (new tables in the MDB or partrseupdate in
an existing table) are generally needed as inpetface to the downstream chains: photometry (esjazomputed by
CUS5 in Cambridge has been used by CU8 in Touloosedmputing temperatures. In fact, each chain avgs its
own results using results from the others, combgirdstrometry, photometry and spectroscopy paras)eterinter-
dependencies between chains, CU and DPC are iimggegtseach cycle sometimes becoming circular:

* Inter-cycle inter-dependency
0 For example, CU6 data produced for MDB-N is usedrtmluce CU8 data for MDB-N. Then CU8
data from MDB-N is used as an input data for CU&iclduring MDB-N+1 processing.
0 This strategy has no real impact on the operatian pn a processing cycle N.
* Inner-cycle inter-dependency
o For example, during the cycle N, CU4 NSS chaintbasin a first time to produced input data for
CUG6 chain. CU6 data are then an input data fana fun of CU4 NSS chain. All data are published
in MDB-N.
0 This strategy is a constraint in the operation ftarthe cycle-N.
0 This use case is managed only at DPCC.
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Fig. 6. Global and detailed top level CU inter-degency for Cyclic Processing (Project Office cosiy)e

Figure 6 gives an idea of the complexity at DPA@lethe Project Office team is in charge of thentemance of
global system inter-dependency and has to enseredhsistency of the system in a collaborative Wwetween
scientists of all the CU and DPC team. By hostihgis for three different CUs, DPCC has to handleuge
percentage of existing inter-dependencies.

3.3 Performance

Performance is at the centre of our concerns withenDPAC. The production of a data release folR&CDs clearly
limited in time. Around 4 years have passed betwéenpublication of DR2 and DR3. Around 4 years| wdss
between the publication of DR3 and DR4. Around drgare planned between DR4 and DR5. Yet the dgtasition
period is almost doubled between each release:d4hs for DR3, 66 for DR4, 126 for DR5.

The planning should remain as much as possibleismindow of about 4 years. It must not be affédig the increase
in the number of records in entry or by new scfantise cases to be implemented.

The simple workaround would be to extend as muchpeting resources as necessary. However, like anjgd,
Gaia is limited by cost.

The search for performance therefore revolves aroun

» Schedule and operation plan at DPAC level and &OkRvel
o at DPAC level, carried by the Project Office to rage interdependencies and the coordination of
DPCs.
o0 at DPCC level, to run in parallel all chains for LWLU6 and CUS.
» Technical improvements like more optimized datargoe better allocations of resources for each gsemg
pipeline.

The DPAC operation plan is carried by the Projeffic®. Its goal is to make sure that all the data produced on
time and that they comply with the needs of the mkiveam users. It is drawn up from the chronoldgiequence of
chains (CU) for the current DRC, from the estimadedation of each of them, the integration in thBBAand data
transfers durations, ending with catalogue extoaciind validation (CU9). Microsoft Project softwé@ised to gather
all the information. The respect of delivery daterionitored by the Project office during a weekbsaconference
with one representative from each DPC. Each DPGtkasvn provisional planning, used as an inputhis DPAC
schedule and vice-versa. Each DPC operational stdhéxldefined according to the maturity level lod three CU it
manages and to the hardware and human resoucagsriély on. Anyone shall inform if it is on-tracknot as per the
DPAC schedule. Because of inter-dependencies, allay thas a direct impact on the schedule of theites in the
other centres. Any major problem is discussed & O level with all CU leaders and sometimes pragoatoices
are made and a science change can be withdrawostpgned to the next processing cycle.
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In a nutshell, the real performance of DPAC isttoksits operation plan in the DRC time frame asda possible,
despites the hazards. The real performance at OB @@ ability to adapt its resources and teandetiver data in
time

3.4 Continuity

The ability to process twice the number of recandbe same amount of time, without doubling treoreces allocated,
is only possible by maximising the use of all oesources. The challenge to be met, which goes inamand with
the previous one "Performance”, is continuity.

Our specification is therefore to have a data esintpperation 24h/24, 7d/7 with an availabilityerapproaching 95%
over a year.

However, there are 2 temporal aspects to continuity

» the day-to-day to achieve our short-term goals
» the long term to rensure that our cluster is spibrational after 10 years.

On a day-to-day basis, the DPCC must be robustesilient. These two characteristics are based fum@amental
pillars:

» The choice of technical architecture (describeskiction 4.1) and the associated redundancies herefbre
crucial to achieving our availability target, despour average of 1 incident per day.

» An organisation made up of an operational teammahe scientific pipelines and a maintenance t8drare
is constant communication between the two teansbaoe observations on the behaviour of the clufter.
ability to react quickly in the event of a majocident is optimal. Many activities and workarourads now
procedures. It should be noted that the teamsvaitable on site only during the standard workimogits of
5j/7 and off duty to reduce the costs.

* An adaptation of the operational plan accordinght® events observed and the presence of the té&ams.
example, during weekends, only validated and \atificientific pipelines are executed. Running aviat
is known in the absence of teams maximizes resautiitgation. Only a complete crash of the clusteuld
then have an impact on our scheduling optimisajimad. Given our availability goal and the stalitif our
resources, the risk is considered acceptable aesl ot require an on-call team. Adjustment of aurrens
is discussed in the Operation Control Group meetwegy Thursday.

The DPCC has been operating for 10 years. Thishatbgwould not have been possible if we had ngt keur cluster
up and running. Our system architect has therefeteup an annual roadmap to monitor hardware aftvae
obsolescence.

This roadmap exercise has allowed us to remaineaofahe essential evolutions to keep a systery falintainable,
possible evolutions to anticipate our future neesisecially our performance needs and to take adganf new
functionalities or technologies. It has also allovus to maintain the skills of our teams.

This roadmap covers both software, such as Jaddyamware. The DPCC can be seen as a technolbghatneeds
to be coherent and efficient.
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Fig. 7. DPCC technological « mille-feuille »

This follow-up has allowed us to limit the plannethtform downtime, so that our availability target not
compromised, but is also taken into account inapgrating plan.

The search for continuity is just as importantresdontinuity itself.

4. The keys of a success
4.1 Technological choices

4.1.1 A common programming language

The DPAC selected the Java programming languagarémessing Gaia satellite data in 2006. This datiwas taken
to ensure greater portability and efficiency inqassing the complex data generated by the satéfligeddition to its
popularity (c.f. figure 8), the use of an objecieated language facilitated collaborative develophun a software
project as large as Gaia.

TIOBE Programming Community Index

2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024

w— Python e Ce4 == Java == C == C# == JavaScript == Go == SQL Visual Basic Delphi/Object Pascal

Fig. 8. Most popular programming language, repit/www.tiobe.com/tiobe-index/
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Initially, DPAC people was reticent to adopt thewlanguage, especially given the accumulated egpeei in other
languages (FORTRAN or C) and the lack of libraiiegava. However, CU1 and DPCC people supported PA
members through specific training and the implemigonh of simple environment (Ant, PMD, Checksty&c.).
Several years after, Java has been adopted by&llCOmembers! Now, Java is still a viable prograngrianguage
with various libraries and is mainly used in Bigt®aystem.

As presented in section 2.3, the DPCC is in chafdke integration and operation of the followirayd algorithms

All algorithms used to characterize complex sys{8ystem Solar Objects, Extended Objects, Non-Single
Stars, etc.) - CU4;

All algorithms used to process wide band spectnoisogdata - CU6;

All algorithms used to characterize astrophysieoty - CUS.

These scientific algorithms are developed by séwestitutes spread across Europe (and even beyomdjder to be
integrated at CNES, it was necessary to estahligls and development standards. In this way, the OBUs were
asked to develop their algorithms using the "fagaattern”. The purpose of the facade was to higrial complexity
of the scientific module behind a common interfdoeother hand, all data access layers are onlyageshby DPCC
framework. Our philosophy has been to leave therfég to the scientists and to minimize the impatgahnological
changes on Science.

4.1.2 Our host framework

All scientific algorithms are integrated togethecteate jobs within a DPCC Host framework, nanSfA (System
of Accommodation of Gaia Algorithms). Its main ftioos are to provide the means to store and proaduasge
volume of astronomical objects, to orchestrateircaad schedule complex scientific modules, amufteide a means
for complex data queries. To deal with them, tdasnposed by

Phoebus product a generic CNES tool that gives the principal nsefam workflow orchestration and for
process operation. SAGA has to handle and implempatific Phoebus interfaces and configuration.
Phoebus is mainly composed of the supervision umskéngine coupled with a central MMI.
Gaiaproc component the main tooling developed to receive scientifiodules. It defines the needed
workflows and subsystems according to Phoebus kEgguprovides the Job Framework library to execute
scientific Facades and gives other means for cliinigdHadoop jobs.
Platform level components

0 Softwares used by Gaiaproc in order to supporag®and complex data querying needs;

0 A shared file system for scientific data and comfgdion storage;

0 Deployment, user management and monitoring tooling;

o Scientific infrastructure softwares.
Gaiaweb,a MMI developed for DPCC in order to gives a way $gientists to monitor their algorithm
execution and check produced data.
CNES managed componentsData Delivery Manager and Aspera client. These taols used for file
exchange between DPCs (presented in section Be3)reély on the platform components (Shared Fis¢esy).

Since 2012, the SAGA architecture has been baseth@madoop framework. The advantages of the Hadoop
ecosystem are that it can easily handle petabytéata and provides a framework for distributingqassing across
a cluster and managing cluster resources. The S#&hAework leads to the following implementation ides:

1. The use of distributed file system HDFS as dateag persistency,
2. Map/Reduce paradigm for job parallelisation andidaanipulation. Its main drawback is the complegity

handling complex data structures and performingmerqueries on the data.
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3. The use of Cascading as Hadoop top layer for sfiiejub execution. It also allows simplificatiorf data
handling and processing, and provides tools tdyepsiform complex queries using the Hadoop frantéwo

Instead of writing directly process using mapperd eeducers, Cascading provides a query APl andyquianner

allowing the definition of data processing as flowkis technology has been selected to add anaatistn level on

top of Hadoop, in order to simplify the writing edmplicated queries similar to SQL joins. It hastbereferred over
other software like PIG and Hives, because it plesia Java API that allows all needed operationsjsaeasier to
integrate into our SAGA software.

Inputorigin | ModuleFacades

ControlFlow ]

DataFlow | y N

Input
Producer
&
2
&
b
L3

Framework
Producer

. FacadeOperation (executeSingle)
Fig. 9. Activity graph representing Cascading FEtvDPCC

An integrated scientific chain consists of sevgoals. As illustrated in figure 9, each of thesesjab a dedicated
cascading flow that can be divided into 3 elements:

1. Data access it consists in Cascading flow input descripti{@ource Tap), but also describes a part of the
operation chain to build a coherent set of inptada be passed to fagades.
2. Facade chaining treatment- this operation is generic and uses an autontigtigenerated code (Java class)

that chains scientific fagcade.
3. Output data persistency- it consists in the description of Cascading flouwtputs (Sink Tap) thanks to an

automatic persistency tool.

4.1.3_ DPCC platforms

The DPCC hosts three computing clusters at Toulouse

» DEV platform, dedicated to integration activities (developnmemd testing tasks);
» VAL platform , dedicated to acceptance and qualification aiyit
* OPS platform, the biggest one, dedicated to qualification aperation activities.

As illustrated in figure 10, each of our Hadoopsthr is composed of Hadoop Master Nodes (NameNade a
ResourceManager) and Hadoop Calculus Nodes. Thneinfrastructure is 10 Gbps.
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Fig. 10. Schematic view of DPCC platform — pictofddPCC data centre

In 2024, the Operational platform consisted of:

» Hadoop System 6 Hadoop Master Nodes and 225 Hadoop Calculuesio

» Distributed File System for data/application storags- 4 MooseFS Manager servers and 4 MooseFS chunk
servers;

* No-SQL DB for Ephemeris storage- 4 Cassandra Nodes dedicated to CU4 processing;

Totalling 6320 cores, 42 TB memory and 7625 TB disfiacity. After setting aside resources for ther@jing system
and for rotating maintenance of nodes, there reataimughly 4800 cores, 30 TB RAM. The Hadoop JodcKer
distributed the available resources to each ctmainfair way, respecting the maximum defined farheehain.

The total disk capacity is 7625TB, but 'only' 8088¢0TB) was to be used to avoid the local filesysbn the nodes
becoming full during processing. In addition, thaddop file system security policy requires filebotripled, which
means we could store 2,200TB of usable data. Therethis disk space is allocated to the chain Withfollowing
quotas in 2024

» 660 TB to store input data received from DPCE (daild cyclic data reception);
» 160 TB for all CU4 runs;

* 650 TB for all CU6 runs;

» 500 TB for all CU8 runs;

» 500 TB for temporary Data (all chains).

Every year, we upgrade hardware to manage the edxsmice of the Calculus node and to meet the gpreids of
each CU, especially when starting a new Data Reldaghis way, we ensure that DPCC platforms &reient and
suited to future operations.

4.2 Organizational choices

Over the last 20 years, the DPCC's organisatiorctistantly adapted to the needs of the sciem¢ifims, particularly
in terms of development:

» At the start of the Gaia project at CNES, suppas wrovided for the specification of processingrehand
the development of scientific modules. We set wmJaaining meeting, recurrent quality control aad
Hudson/Jenkins continuous integration platform. Himm was to deepen the scientific team's technical
knowledge, while gaining an insight into their aitjoms.

» Then, we set up pre-integration work by a teamasdd to each CU (design of the chains, more filityib
and back and forth with the scientists, first tpsibese activities culminated in the integratidthe resulting
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chains into our DPCC framework (stricter, no eviolot etc.), carried out by an industrial companyribg
this period, we began to establish and apply amsiihl process with the scientists to provide Hebe
framework for our developments.

» Since 2021, the stabilisation/convergence of sifierdhain designs has enabled us to merge devedapm
activities into a single integration phase.

Publication

Configuration

Fig. 11. DevOps at DPCC

As operations progress, our development cycleifSraiito a DevOps mode. As illustrated in figurk, Development
and operations teams work very closely together:

» Development team

o0 Conception and design of the integrated chainsREE®. Operation team experience gained from
previous DRs is required to optimise/fix the desigrine with the volume to be processed. This
conception phase is only possible in collaboratiith the scientific team.

o Development of the technical and scientific algoris. The DPCC team often implements some
technical codes used to facilitate the integratibscientific algorithms. Each algorithm is deligdr
according to a integration schedule decided by €idér and its CNES technical coordinator.

o Integration of all algorithms in the DPCC Hadooanfrework. It mainly consists in:

= Deploy algorithm in the integration environment;
= Implement Hadoop queries via Apache Cascading API;
= Describe all algorithm interfaces in dedicated Xfeés.

o Integration tests using JUnit (only on Hadoop cg®riand using our DPCC workflow orchestrator
(i.e. in real condition). These tests are completitld specific datasets (prepared by the developmen
team) on a Hadoop cluster dedicated to the integraictivities.

¢ Operation team

o Deployment and configuration of the integrated ohabn our Validation / Operation Hadoop

clusters.

0 Acceptance / Qualification tests according to thalidjcation plan prepared by the CNES technical
coordinator. During each test, operation team clpezkormances and behaviours of the integrated
chains. If there is any problem, the developmeatevill be contacted to fix it (algorithm patch or
integration patch required).

o0 Operation and monitoring according to the operatman prepared by the CNES technical
coordinator. Here again, the development teamheiltontacted for any issue.
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o0 Publish valuable results and execution reports frans on our GaiaWeb platform in order to be
downloaded by scientific team. These publicatiorss @ucials because they allow scientists to
follow the progress of the runs at DPCC.

Our organisation allowed us to adapt to differemeiface changes and scientific algorithm configars, and to be

more flexible and responsive to any new ideas/nedds flexibility means a large number of softwaeches to be

managed at DPCC. Table 3 give an overview of thesebers ordered by CU and by DR. Our DPCC team gema
approximately 70 patches (scientific or integratissues) per CU per year. This table also illusgdhe increasing

complexity of scientific chains (new functionalityptimization, etc.) between Data Release.

Table 3. Number of software patches managed at DBCOR3 and DR%
Cu4 CU6 CU8 Total

DR3 170 161 140 471

DR4 352 224 271 847

Today, a Data Release requires around 2-3 yeaesvalopments/qualifications before the operatiphalse at DPCC,
which typically takes 1-2 years. As algorithms atebigns stabilise and mature, the development pbasebe
accelerated to allow earlier qualification on neypuit data.

Over the years, DPCC team has built up a very gtretationship with the scientific team. This isinta due to a

two-headed CU organization shared between CNESeaisahtific teams, illustrated in figure 12. For &P CC CU,

the scientific leader and his CNES technical camtiir are in constant contact to plan and coordiakhtlevelopments
and tests.

Coordinator Leader

cu \& cu :
Technical @\ Scientific cientific

DPCC
Operation Team

Fig. 12. Two-headed CU organization at DPCC
It's our recipe for success at DR2 and DR3. No tauwiill works for the next release!
4.3 The constant search of the right balance

Our work, in the end, is neither about technologiteices nor organizational decisions that senapo or tone, but
about the mash-up of five pieces that ultimatellyastory: the right balance.

1 DR4 processing is still on-going at DPCC. So thmher of patches will increase.
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4.3.1 Technologic
For several years, we have been in the golden g data. This is especially true with the sigeéht increase in

daily data (due to human activities on networks)stAdy was carried out in 2011 to challenge theouardata
management technologies in relation to our Gaiairements. This work evaluated the solutions adogrtb 7 criteria:
performance, ease of development, scalability, agbty, reliability, durability and cost.

Technology Performance Development | Scalability Operability Reliability Durability Costs

Postaresdl W W W W W W W W W W | W W
Hadoop W W W W W WRW [ WWWw | W WHW | Ww
Cache, W W W W W W W W o 6 dB & & 4B
Cassandra w W W RN | W W W W W | W
MongoDB W W W W NE NE NE W W
PIProxy. W W NE NE NE W W
DB2 w W W NE NE NE W

Fig. 13. Global Synthesis
(NE = Not Evaluated because of no interest (destracesult on others criterja

As shown in figure 13, the only technology thatweied well all the criteria is Hadoop. It was beéhy scalable, and
able to perform complex queries (even if it wasthetsimplest one). Hadoop had other advantagesHik ability to
control job distribution across the cluster. Itdegt drawback was the way data was stored in ldg fho updates
possible), but it was possible to adapt the curg#®A software in order to use Hadoop.

That's why, CNES has decided to dive in Hadoop &kReduce technology in 2012. Moreover, as showigire

14, Hadoop was really popular and consistent withdata volume challenge. DPCC was the first Bigaljaoject at
CNES!

1 janv. 2012

Hadoop 59 \

Apache Spark 9

Fig. 14. - Hadoop .vs. Spark from Google trends

Since 2012, technologies have continued to impmader to better manage these growing volumegpahallel of
the DR qualifications/operations, we carried owesal proof of concepts (Apache Spark, Apache Rindl Apache
Tez) to challenge our current system and to maintaé team's knowledge and mastery of Big Data. tBat
development costs were too high for the performaades on our processing chain. What's more, weddvwave lost
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our expertise in the Hadoop and Cascading techiedpgarticularly with regard to configuration togiand the
development of scientific queries. Changing ouhtetogy meant a major investment during Data Relgasduction,
which was too risky in term of DPAC schedule.

Today, DRA4 is still on-going at DPCC and it is ffeeond-last release. We are closer to the ené @BAC processing.
DPCC team is pragmatic. Our current Hadoop framkwas proven to be efficient enough to produce Ratizase
data on time with the DPAC schedule.

4.3.2_Every resources it takes
To validate performance and control our scheduleéwith the DPAC, we take advantage of the dicaliion phases

to monitor our scientific chains. To do this, we several Hadoop monitoring tools already describegpaceOps-
2021.5.x1298.

In addition, we have also developed 2 new tooBREC since 4 years:

» Vigidoop for having an overview of all processing chainsiehed on OPS platform. It gives us good
indicators of the OPS platform use. An example ofeCRAM and Hadoop temporary monitoring is given
in figure 15;

» JobAnalysisfor analysing the computer performances of a ghaoop job. It builds several graphs very
useful to find the optimized configuration needegdHis job.

These DPCC tools are developed in Python and wark fall hadoop statistics (number of reducers, ghys
memory, garbage collector, number of output data) directly on the OPS platform.

o
uCu4EOQ
mCudCorm

‘ l |\N (A “LI'“ I

1 A | . |

|
|

=

Fig. 15. Overview of CU6 and CUS8 chains via Vigigoo
CUG6 processing shown in orange box and CUS8 in gle®n

As well as helping us on a day-to-day basis, aétools allow us to assess the global perfornsasfadbe processing
chains and the use of the platform. As a resultrelseon them to refine our hardware/software ndedshe coming
years.

4.3.3 La Javanaise
As the French song "La Javanaise", the evolutiakawh version is like a slow and languorous walta between the

desire of scientists to always have the latestimeis Java and the nostalgia of the DPCC. Butéhidution is mainly
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driven by Java compatibility with our Hadoop distriion. Today, the Apache Hadoop distribution ityarava 11
compliant - evolution to Java 17 is not yet planned

Java distribution is fixed at the beginning of e&dta Release in order to stabilize the developreeope of the
scientific and technical teams. The higher usal@esien is fixed by each DPC. However, the versigeduon
algorithms is particularly discussed on the scfenside. As the current level of coding doesrketéull advantage of
Java's functionalities, and as it is still perfele]j this choice has not really impact on the penfince of our chains.
Anyway, with the data volume increase, our processhains are more and more dominated by 1/O (Heskl or
network efficiency) and not by their real performas. Figure 14 perfectly illustrates it:

 Orange box CUG6 operations produces more than 100TB of tearyofiles created during Hadoop
Map/Reduce queries (temporary means data clearied ahd of the processing chain). Here, time imiypa
spent in the read/write operation of these tempydilas, instead of in scientific processing.

e Green box CUS8 qualifications mainly dominated by their stific algorithms. Clipping effects seen in the
Core and RAM graphs could indicate a performansedsn the scientific algorithms.

4.3.4 Hardware Better, Faster & Stronger

mCu4NSS
mCu4EO
mCu4Common
il

uCu8
mCu4Daily
mCu6Daily

mTotal

mCudNSS
uCu4EO
mCu4Common
u

uCu8
mCu4Daily
mCu6Daily
mTotal

Fig. 16. Processing chains limited by RANed arrow illustrates clipping effect due to lackRAM

To ensure a perfect efficiently of all DPCC platfigithe DPCC System team works on the platform reaantce. An
upgrade roadmap is yearly defined according tartbeitoring results and the specific needs of eddhAdter several
years of qualification/operations, the goal of ttiadmap is mainly to renew all obsolete hode®kaw:

* Reduce the number of nodes without major impachemumber of cores (new nodes have more cores than
the oldest ones). At the end, it ensures less HAMt@nance;

» Increase disk space to deal with the increase @f Gata volume presented in section 3.1;

* Increase RAM which is directly linked to the pagitation of scientific processing on our clustéreore
RAM we need, less cores we use to parallelize matinents). As shown in figure 16, scientific pssieg
needs more and more RAM due to new functionaligyy Al model used, etc.

4.3.5 Let it be
Since several years, we have proven that our téogical choices make it possible to fulfil the DP@tssion:
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» 7 Data processing chains have been successfulhat@oeat CNES;

» All data have been produced on time with the DPAKEsule.

» Thanks to qualification plans, monitoring, etcgytthave been operated with
o0 the expected performances;
0 the expected numerical precision;
o the allocated funds (the sinews of war).

As we are closer to the end of the mission tharbtginning, each requirement that would entail pmehange is
studied in detail: benefit/risk analysis, cost,nplimg, possible workarounds, etc.

This guideline is best illustrated by the questidswitching to Python for the next developmentleyés shown in
figure 8, Python is currently the most popular laage. However, a switch to Python would requirew mterface
definition for scientific algorithms, redevelopmaestt libraries, fine-tuning for operation and re-tifieation of the
cluster, and would imply a longer validation ofuks. All these steps are incompatible today witl objective of
having the DR5 at the end of 2030. Moreover, ttst obsuch a modification would also be difficudtjustify, given
the long-term viability of the solution.

To sum up, our choices are now often geared towhedevelopment of monitoring tools, back-up tdmsked up
by an operating procedure and therefore by a Gle&ation on Hardware/Software evolutions at DPCC.

This pragmatic approach is summarized in the DPZet Mantra &lo change, No risk, No delay!as long as our
DPCC mission is still fulfilled.

6. Conclusions

The end seems near, but we're not yet facing tiaé durtain. The satellite has lived a life thdti: 10 years of
scanning every source. And now, as tears subsideits passivation, the entire DPAC, and espeactalt DPCC,
must rise the challenge of completing the missiith ®WR4 then DR5.

Throughout this paper, we have demonstrated ouiceb@nd our way of thinking—the keys to successagin
efficiency and pragmatism as we tackled our fowllehges: volume, complexity, performance, andioaitty.
Bad choices, we've had a few. But we planned ehelnted course, each careful step along the byvamktto a
pragmatic and efficient design-by-cost approaclyg@dand euros)

By 2030, we hope to proudly declare, "We did it ouaty."
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