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ESC\APE The Data Lake

R o
e
. (]
Data Lake as modular ecosystem of services and tools 3
shaped around the ESCAPE scientific communities e
federated data management and access solution
heterogeneous resources
e.g. integration of HPC and commercial Clouds
. [Orchestrator \;] ——— ]
Hiding complexity and providing transparent N — & T
access to data E x509 [ OFTS J
S5 tokens
layer for orchestration of resources as entry point | § | | ¢
. R A
for sciences K||¢c ,/i9»> “ Qm\
define data policies and rules 1 I \Yes/ £os
i i P : dCache -
content delivery and caching layer T = E’E“::A v v e ¥
HTTP data access and Tokens awareness for future "l" cs> XRootD ‘(/f - e
sustainability - Wy EmRZ~* patatake
A
latency hiding and file re-usability T T e ¥ v o,
facilitate ingress/egress with Clouds and HPC ;g O | wite v GB | [GR CLAPP
' StoRM -, L DEM
Storage and compute resources not necessarily [ K m,.!\m . ) i
colocated ~— 15+ storages
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https://wiki.escape2020.de/index.php/WP2_-_DIOS#Datalake_Status

escaPe  Datalake-as-a-Service for Open Science

Challenging project as time-constrained (CERN OpenLab Summer Student programme)
Goal: make end-user comfortable in embarking on a Data Lake experience

abstract the complexities of the Data Lake from the scientists
— focus on doing science instead of data procurement

An ever-increasing number of experiments are looking at Rucio Data Management system
DLaaS potentially interesting for both aficionados and newcomers
we are working for experiments and sciences — fresh feedback and ideas are very appreciated!

Always looking for new collaborations and partnerships - please step forward!
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escape  Datalake-as-a-Service for Open Science

— Scientists Contact DatalLake-as-a-Service = x  +

Requests are handled by Jupyter servers at CERN, Geneva
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escape  Datalake-as-a-Service for Open Science

~ Jupyterhub

Sign in with OAuth 2.0

https://escape-notebook.cern.ch/
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https://escape-notebook.cern.ch/
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escaPe  Datalake-as-a-Service for Open Science

Z Jupyterhub

Ny
EpCAPE
ey

Welcome to escape
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escape  Datalake-as-a-Service for Open Science

W

7 Jupyterhub Home  Token rdimaria & Logout

Server Options

® Minimal environment
Based on jupyter/scipy-notebook

If you need to use PyROOT

o ROOT environment (Xcache testing)
Run the extension in Download mode
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escare Datalake-as-a-Service for Open Science

W

~ Jupyterhub

\\M/,

Z Jupyterhub Home  Token rdimaria | ® Logout

File Edit View Run Kernel Tabs Settings Help

< S Untitled.ipynb X
= JRUCIO P
B+ X @ O » = C » Code v Python3 O
O opore  noresook oo ] oo

Search Ever

W

File Edit View Run Kemel Tabs Settings Help

= »RUCIO

»

7 Untitled.ipynb X a,
B+ XD O » m C » Code Python3 O

O oeore  notesook t e ] o

:=  Active Instance

ESCAPE Data Lake

Authentication

» [ [openiD Connect v ]

OpenlD Connect

X509 User Certificate

X.509 Proxy Certificate

Username & Password

Simple O M1 @ Python3|idle

Save Settings

Simple O [ 14 Python3|idie Mode: Edit @ Ln1,Col1 Untitled.ipynb
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escape Datalake-as-a-Service for Open Science

— Scientists Browse Data in the ESCAPE Data Lake = YRUCIO

Requests are relayed to Rucio servers at CERN, Geneva

B S —— - o EXPLORE NOTEBOOK

Q := | ATLAS_OD_EDU:data’|
Search Everything ~

ﬂ

>
&

SEARCH RESULTS

ol
9 9~ * ATLAS_OD_EDU:data_13TeV_1largeRjet1lep_2020 ®
L

ATLAS_OD_EDU:data_13TeV_1lep1tau_2020 ©

-

s &
jupyter  ——3>

e’ D 1

Notebook Rucio
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skc\:/ip,,,f Datalake-as-a-Service for Open Science

e
— Make Available ATLAS_OD_EDU:data_13TeV_GamGam_2020 @
Rucio initiates transfers from worldwide storages to CERN RSE which is serving DLaaS ATLAS_OD_EDU:data_8TeV_2016 ®
TN - Pa % - - @ Not available Make Available
Q & ATLAS_OD_EDU:data_A.1largeRjet1lep.root 7.74MiB
< @ DU: GiB
alg
S3
9 XRootD .
‘ T
N
e
» } e
WebDAV a
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escape  Datalake-as-a-Service for Open Science

— Scientists’ Analysis Workflows Read Data

The code runs on the Notebook server at CERN, and the output is shown to the user

Q -3
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ESCAPE DLaaS Implementation

14

Deployed in Kubernetes, using Zero-to-JupyterHub Helm chart — https://escape-notebook.cern.ch

OAuth authentication using ESCAPE IAM (X509 still supported)

Rucio JupyterLab Extension in Replica mode

(i.e. TPC to local storage) used
connected to ESCAPE Data Lake
(escape-rucio.cern.ch)

Singleuser Container

—Hub API

Y

automatically pre-configured

to use OIDC Auth

OAuth autorenew

JupyterHub

FUSE mount to EULAKE-1 RSE (EOS)

making files available

aka creating a replication rule
to move files to EULAKE-1
download mode still possible

\

Y

(if configured)

ESCAPE IAM [«

Y

Rucio JupyterLab Extension

Homedir FUSE mount

/home/jovyan

EULAKE-1 FUSE mount

» CephFS Cinder

[eos/eulake_1

JupyterLab

» EOS EULAKE-1

Y

Subject Mapping

October 19th, 2021

Riccardo.Di.Maria@cern.ch

SCIM API
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https://escape-notebook.cern.ch
https://github.com/rucio/jupyterlab-extension

W : File Edit View Run Kernel Tabs Settings H
escaPpe  DLaa$S Use Cases = sRUCIO
\ o EXPLORE NOTEBOOK Ee

ATLAS_OD_EDU?|

Data discovery and access

Search Everything «

Submitting jobs to external services (remote computing) ' sesmonnesus
* ATLAS_OD_EDU:data_13TeV_1largeRjetllep_2...
conveniently browse data in Rucio through the extension A4, O O ST DL 2020

ATLAS_OD_EDU:data_13TeV_1lep_2020
. . ATLAS_OD_EDU:data_13TeV_2lep_2020
access file PFN directly from the Notebook
ATLAS_OD_EDU:data_13TeV_3lep_2020
ATLAS_OD_EDU:data_13TeV_4lep_2020
ATLAS_OD_EDU:data_13TeV_GamGam_2020

ATLAS_OD_EDU:data_8TeV_2016

ATLAS_OD_EDU:mc_13TeV_1largeRjet1lep_20...

© 6 6 06 06 6 6 6 606 0

ATLAS_OD_EDU:mc_13TeV_llepltau_2020

[3]: for item in hyy_20:
print(item.pfn)

root://eoseulake.cern.ch:1094//eos/eulake/tests/rucio_test/eulake_1/ATLAS_LAPP_JEZEQUEL/6f/98/data_A.GamGam. root
root://eoseulake.cern.ch:1094//eos/eulake/tests/rucio_test/eulake_1/ATLAS_LAPP_JEZEQUEL/f1/3a/data_B.GamGam. root
root://eoseulake.cern.ch:1094//eos/eulake/tests/rucio_test/eulake_1/ATLAS_LAPP_JEZEQUEL/45/95/data_C.GamGam. root
root://eoseulake.cern.ch:1094//eos/eulake/tests/rucio_test/eulake_1/ATLAS_LAPP_JEZEQUEL/73/e3/data_D.GamGam. root
root://eoseulake.cern.ch:1094//eos/eulake/tests/rucio_test/eulake_1/ATLAS_LAPP_JEZEQUEL/6d/aa/mc_341081.ttH125_gamgam.GamGam. root.1
root://eoseulake.cern.ch:1094//eos/eulake/tests/rucio_test/eulake_1/ATLAS_LAPP_JEZEQUEL/1b/95/mc_343981.ggH125_gamgam.GamGam. root.1
root://eoseulake.cern.ch:1094//eos/eulake/tests/rucio_test/eulake_1/ATLAS_LAPP_JEZEQUEL/ff/c7/mc_345041.VBFH125_gamgam.GamGam. root.1
root://eoseulake.cern.ch:1094//eos/eulake/tests/rucio_test/eulake_1/ATLAS_LAPP_JEZEQUEL/13/b8/mc_345318.WpH125J_Wincl_gamgam.GamGam. root.1
root://eoseulake.cern.ch:1094//eos/eulake/tests/rucio_test/eulake_1/ATLAS_LAPP_JEZEQUEL/76/fd/mc_345319.ZH125]_Zincl_gamgam.GamGam. root
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escape  DLaaS Use Cases

Data access

bonus track: content delivery and caching layer (aka XrootD-XCache)

~ File Edit View Run Kernel Tabs Settings Help

= A Untitled4.ipynb X Al HyyAnalysis.ipynb X @ Terminal 1 X oo
jovyan@jupyter-muhilmy:/scratch/muhilmy$ rucio list-file-replicas ATLAS_LAPP_JEZEQUEL:data.root --protocol root
+ + +. + +
+
| scope | NaME | FILESIZE | ADLER32 | RSE: REPLICA
I
l I
| ATLAS_LAPP_JEZEQUEL | data.root | 4.660 kB | ef084c63 | EULAKE-1: root://xcache-redirector.cern.ch//root://eoseulake.cern.ch:1094//eos/eulake/tests/
S rucio_test/eulake_1/ATLAS_LAPP_JEZEQUEL/bd/8f/data.root |
#| | ATLAS_LAPP JEZEQUEL | data.root | 4.660 kB | e£084c63

| ALPAMED-DPM: root://xcache-redirector.cern.ch//root://lapp-testse0l.in2p3.fr:1094//dpm/in2p3
.fr/home/escape/rucio/lapp_dpm/ATLAS_LAPP_JEZEQUEL/bd/8f/data.root |

+
jovyan@jupyter-muhilmy:/scratch/muhilmy$

) ) ) Funded by the European Union’s
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EscaPE DLl aaS Use Cases

Data preparation and processing

prepare/process data and upload back to the Data Lake

' Fie Edit View Run Kemel Tabs Settings Help  File Edit View Run Kerel Tabs Settings Help
@ Terminal 1 x -
*RUCIO 3 Terminal 1 x
7
= RUCIO
Jovyaneyupytor-rainaria:- - -
total 192 jovyanejupyter-rdimaria:~$ rucio whoami
O cxerore  noresooK + @ 2 8619 2688 e s : ACTIVE
2 7 AEAS 540 gmasan ©  expiore  noTEBOOK *t & |suspended at : None
ATLAS.LAPP_JEZEQUEL® 2 se1s 2600 Cavo, TR sERTocco Created at : 2019-12-05T16:43:26 .
2 seis 2000 Cavo_usbri HowAzs . account : rdimaria [e—— uclo embe e
search ing - 2 8619 2688 CMS_INEN_DCIANGOT ATLAS LAPR JEZEQUELS account_type : SERVICE
3 ZASI% a8 CTA_LARE_FREDERIC email riccardo.di.maria@cern.ch
searcH ResuLTS 3 root root stz Search Everything -
2 vers 2008 ecape-auth-teste .
ATLAS_LAPP_JEZEQUEL cron_cl_160547... © 2 se1s 2008 B i
»
2 8619 2688 'SEARCH RESULTS echo $SCRATCH
ATLAS LAPP_JEZEQUEL cron oL 160547.. © 3 5610 2600
2 seis 200 - - -
e - 2 8619 268 » ATLAS_LAPP_JEZEQUEL cron_del_160547, Jovyantjupyter-ramariaT—y datalake wpload —Felp
2 8619 2688 FAIR_GSI_S Usage: datalake upload [OPTIONS] [PATHS]...
ATLAS_LAPP_JEZEQUEL:cron_del_160551.. @ 2 8619 2688 fts-testing ATLAS_LAPP_JEZEQUEL:cron_del_160; - @
+ 2 8619 2688 4096 2 gfal_sam Upload specified files within the scratch space to Rucio
ATLAS_LAPP_JEZEQUEL:cron_del 160551... © 2 8619 2688 grange - S O ra e ©
2 5615 2688 1096 0ot 13 09156 KHSNET_ECAP_TONL
ATUAS_LAPP_JEZEQUELcron_e_T60851.. © 3 5615 2608 1096 0ot 13 20149 KNSNET NIRHEF MBOUTUTS options:
2 5619 2668 1096 Sep 9 08138 LOPAR ASTRON. GRANGE ° s, —-scope TEXT Scope of the uploaded files [required]
ATLAS LAPP_JEZEQUELicron_del_160SST... © 2 veis 2038 03 v 9 2020 i Pic ancuzsss F U S E mou nt e d -p, --prefix TEXT Prefix of the DID name
o o, - @ retix : .
ATLAS_LAPP_JEZEQUELcron_e_160556.. © 12 8615 2680 4096 Mar 12 2020 noise -t, --lifetime INTEGER Replication rule lifetime in days (Use 0 for
2 5619 2688 1096 an 29 2020 noise.2 etinite lifetime)
ATLAS_LAPP_JEZEQUEL:cron_del_160566... © 2 8619 2688 noise 3 d —-rse TEXT RSE expression for the replication rule
o o 2 8619 2688 noise ¢ --delay-deletion If false, the file in /scratch will be deleted
ATLAS_LAPR_JEZEQUEL ol 100550 © 2 se1s 20 notse.s ° immediately after a successful upload
ATLAS LAPP_JEZEQUEL cron 46l 160555.. © 2 se1s 2000 Tandont ) = —-help Show this message and exit.
. 2 8619 2688 izart-testing ATLAS_LAPP_JEZEQUEL:cron_del 160556... © jovyan@jupyter-rdimaria:
ATLAS LAPP_JEZEQUELcron_cel_180556... © 2 se1s 2600 Tuciortesting
2 8619 2688 RUG_TEST ATLAS_LAPP_JEZEQUEL:cron_del_160556... @
ATLAS_LAPP_JEZEQUELicron_del_160556... © 12 8615 2688 0 SKA_SKAO_BARNSLEY-testing rea e
2 5615 2008 SKA_SKRG_COLLNSON o 5
ATLAS_LAPP_JEZEQUEL cron_del_160556.. © 2 8619 2688 SKA_SKAO_COLL-testing ATLAS-LARPIEZEQUELicron. del.160550... @
3 se1s 2680 5K SRR S0 testing .
ATLAS_LAPP_JEZEQUEL:cron_del_160556.. @ 2 8619 2688 0 SKA_SKAO_TEAM ATLAS_LAPP_JEZEQUEL:cron_del_160556... @
Tew e e as Rucio storage
ATLAS_LAPP_JEZEQUEL:cron_del160556... @ 2 8619 2688 SKA_SKAO_TEAM_PSS ATLAS_LAPP_JEZEQUEL:cron_del_160556... @
12 we1o 260 o SKh_SKAG_TERN 00324 AP sl
ATLAS_LAPP_JEZEQUEL cron_el160656... © jgpivgting s
2 s 20m8 252 o e ATLAS LAPP_JEZEQUELicron_dol_160556.. ©
ATLAS_LAPP_JEZEQUELcron_e 160550 _ @ Luim element an . .
2 8619 2688 0 test-vé ATLAS_LAPP_JEZEQUEL:cron_del_160556... @
ATLAS_LAPP_JEZEQUELcron_del_160656.. © 2 8619 261 est-vs 7
2 5615 2608 1096 Har 31 2020 testove-t
ATLAS_LAPP_JEZEQUEL:cron_del_160656... @ 2 8 2020 VIRGO.EGO_CHANTAL F U S E m 0 u nt e d ATLAS_LAPP_JEZEQUEL:cron_del_160556... @
ATLAS_LAPP_JEZEQUEL:cron_del_160556.. © ATLAS_LAPP_JEZEQUEL:cron_del_160556... @
Ao ARF e PEG Rl AGL100RR0- ATLAS_LAPP_JEZEQUEL:cron_del_160556... @
ATLAS_LAPP_JEZEQUELcron_ e 160556... ©
Simple T e Saving completed Terminal 1 Simple 1 18 Saving completed Terminal 1

) ) ) Funded by the European Union’s
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escaPE Dl aaS Use Cases
S

Data preservation

produce data and upload to the Data Lake

Bl eSS

o T Open in New Browser Tab

D 2’ Rename
D X Delete

18 October 19th, 2021

© Uadys dyo

»

J0

30

F2 30
Delete 30

Riccardo.Di.Maria@cern.ch

L

#RUCIO
Upload AUTHORS.md to Rucio

Please make sure that the necessary credentials are configured.
You can see the upload status on the Rucio sidebar.

Destination RSE Expression:

EULAKE-1

Lifetime (in seconds):

Leave empty for indefinite

Scope:

atlas_od_ v

[ Cancel ) Uploac |

Funded by the European Union’s _
Horizon 2020 - Grant N° 824064

ATLAS_OD_EDU




escape  Datalake-as-a-Service for Open Science

o o AT IR elne GOV (R ¥ o ey e i

Puco U Mantavg Dans T OO0 LRAg S0E Padvwy

Vs e heww Pm TN St m e boss 200 Flan Veceon | 04D | Savvw MA

Rule metadata

osoun M

atedy ot S

Sophes

orenint ot Wl 15 Seo 200 72N LNT

i~ e al

anrree ot \ Pl 15 So0 2031 CRZELILIC ¢ N
ey MWIANET

- IS0 oA Bcaciilicaliad

wroce sccoert vl

ArrE wysialaVy

o bmt ‘ese
wchs sh crt

A Teple ety o

ok wrach ot

neTe

et v "

Funded by the European Union’s -
19 Horizon 2020 - Grant N° 824064



http://www.youtube.com/watch?v=pRLIl3fhuWc

escare  Conclusion and Next Steps

DLaaS hides the complexities of the Data Lake from the end users (so that they are happy and productive!)
interesting for both aficionados and newcomers of Rucio
community-driven development, hence driven by the needs of different experiments and sciences

Successful assessment of the pilot Data Lake, pivotal to test model and concepts for several communities

Astro-particle Physics, Electromagnetic and Gravitational-Wave Astronomy, Particle Physics, and Nuclear Physics pursuing
together FAIR and open-access data principles

ESCAPE at prototype phase — full scale exercise for November 2021
close-to-production test on data management and data processing
complementing existing efforts in WLCG — ESCAPE as perfect environment to test new models/concepts
exploring non-HEP-standard scenarios

collaboration with other communities, e.g. PANOSC, ExPaNDS, CS3MESH4EOSC
sharing common challenges, potentially address-able with common solutions

) ) ) Funded by the European Union’s - :
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ESC\APE Backup Slides

25th International Conference on Computing in High-Energy and Nuclear Physics (vCHEP2021) talks and proceedings

ESCAPE Data Lake: Next-generation management of cross-discipline Exabyte-scale scientific data

The ESCAPE Data Lake: The machinery behind testing, monitoring and supporting a unified federated storage
infrastructure of the exabyte-scale

Experience with Rucio in the wider HEP community

) ) ) Funded by the European Union’s - ] 2
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https://www.epj-conferences.org/articles/epjconf/abs/2021/05/contents/contents.html
https://indico.cern.ch/event/948465/contributions/4323890/
https://indico.cern.ch/event/948465/contributions/4323972/
https://indico.cern.ch/event/948465/contributions/4323972/
https://indico.cern.ch/event/948465/contributions/4323986/

escape  Architecture

Data Storage Services and Usage | "j Information System — WLCG CRIC
proven technologies from WLCG ESCAPE instance containing
perfect playground for the implementation of services information and R I
storage Quality of Service intelligence . configuration for Rucio
N\ Tape Archive synchronisation services

Rucio customised to N

Data Orchestration \ j designed to pull necessary information
the needs of ESCAPE ﬁ AuthN/Z, and Identity layer — INDIGO Identity
J

LJ

community e and Access Management (IAM) service
File Transfer Service — WLCG FTS Probes and monitoring exploiting open source
continuous testing for = solutions
) {
b.Oth FTS an-d _ \\§ F T S access availability and reliability of the services
file access libraries ESCAPE dashboards as multi-VO

Networking — exploiting perfSONAR

nfrastructure narfS@NAR
) ) ) Funded by the European Union’s -
22 October 19th, 2021 Riccardo.Di.Maria@cern.ch Horizon 2020 - Grant N° 824064 &



https://www.perfsonar.net/
https://www.perfsonar.net/

ESCAPE Deployment Model and Techniques

Goal: common infrastructure and core services for ESCAPE sciences that operate services and tools
according to their scientific needs

improved project sustainability and successful exportability adoption by sciences

Beyond ESCAPE term: ability to deploy, customise, and manage services at convenience

infrastructure should be resource-aware - Kubernetes & GitOps-Flux
properly-scaled, according to needs/necessities of partners
flexible, portable, plug-able, and easy-sizable

deploy a manifold system utilising a lightweight but complete implementation

sciences at different scale and trying to address multiple future use case
— ESCAPE includes experiments with different data management requirements than LHC ones

Contribution to Rucio on functionalities relevant for ESCAPE partners

expand Rucio scope and capabilities e.g. to address million-file rule injection use case

Synergies and collaborations within and beyond ESCAPE
Rucio/JupyterLab Integration Project within CERN-HSF GSoC, exploited by LOFAR to analyse data during the FDR

_ ) ) Funded by the European Union’s ’/ 5
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https://gitlab.cern.ch/escape-wp2/flux-rucio
https://indico.in2p3.fr/event/22129/contributions/85719/attachments/59615/80633/Rucio-SWAN_Integration_Project_for_ESCAPE.pdf

ESCAPE Data Lake 24-hour Full Dress Rehearsal

Aim: demonstrate fulfilment of communities needs
functionalities and use cases specific per experiment
ESCAPE Data Lake not a production service — specific testing-focused time-window
even out differences in knowledge and acquiring know-how on management and utilisation
workflow and lifecycle of experiment-specific data
assessment of robustness of the various Data Lake components, tools, and services
Experiments injected data as during runs
effort to mimic realistic conditions in terms of object sizes and data organisation
demonstrator categories

injection - - data lifecycle - — Backup slides

_ ) ) Funded by the European Union’s ’/ 5
24 October 19th, 2021 Riccardo.Di.Maria@cern.ch Horizon 2020 - Grant N° 824064 %



ESCAPE DL 24-hour Full Dress Rehearsal Takeaway — Workshop

DIDs / Experiment (replica=1) v

DIDs / Experiment (replica=1)

+0.5M files ATLAS o

ook EXPERIMENT

cherenkov
N a telescope 80K
200K Ct array

- 55K

CTA
night-data-captured from telescope
in Canary Island ATLAS

04:00 08:00 12:00 16:00 20:00 00:00

LOFAR

DIDs / Experiment (replica=1) v

sk QoS functionalities

350K

@b.gounon 50000
300K

+150k files

el 30000
20000 LSST

realistic LSST data rate (20TB/24h)
10000

04:00 08:00 12:00 16:00 20:00 00:00
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https://indico.in2p3.fr/event/22693/

Esc}pE DL 24-hour Full Dress Rehearsal Takeaway — Workshop

JJJJ DIDs / Experiment (replica=1) -
Major Atmospheric ; e |
‘ . ‘ s e
Cerenkov Telescopes !
i 12K

R g @a.bruzzese

MAGIC

mimics a real MAGIC observation use case
remote storage next to the telescope as a buffer for injection EGO/VIRGO
local deletion 4h VIRGO public data sampled at 4 kHz

download to CNAF-STORM and assess data quality

L SKA
FAIR e T T Pulsar Observations injection
mock data ingestion from CBM (FAIR experiment) files fall into two containers, representing different SKA Projects
request 2 replicas in different QoS 24h test moving data on basis of QoS class
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escape Future Developments

Additional kernel compatibility
currently, only Python supported
Token-support for direct download and upload
OIDC integration ongoing to all remaining ESCAPE RSEs
Integration with content delivery and caching layer
XCache can be integrated to allow faster file download
completely transparent from the user PoV

successfully tested at small scale
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Rucio, https://rucio.cern.ch/
FTS, https://fts.web.cern.ch/fts/

GFAL, https://dmc-docs.web.cern.ch/dmc-docs/gfal2/gfal2.html
PerfSONAR, https://www.perfsonar.net/

PaNOSC, https://www.panosc.eu/
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