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WHAT

LIP IS

The reference institution for
experimental particle physics
in Portugal and the
Portuguese reference partner
of CERN as well as other
international scientific
infrastructures

Has centres in:
Lisbon, Coimbra, Braga

Experimental particle and
astroparticle physics

Development of new
instruments and methods

Scientific computing

Knowledge transfer,
education and outreach




To whom
we are connec

SNOLAB, SURF, MIT,
Queen'’s, Fermilab,
UBrown, UFlorida,
URockefeller, Auger,.
CBPF, SBF, USP,

USC, UCampinas,
EERJ

HephyViena, TUDortmund,
ted

e

CERN, ESA, EGI, DESY, HIP
Helsinki, MEPhi, Imperial
College, USurrey, UOxford,
TUDresden, LMU Munich,

IPPP, LPC, TUDelft, GSI,
Humboldt, KIT, CEA,
CESNET,
Clermont-Ferrand,

" CYFRONET, PSNC,
UUtrecht

UTaiwan,
IIT.Madras .

IST, FCUL, ULisboa, FCTUC, UM,
CTN, UA, ICNAS, LNEC, Ciéncia
Viva, IBEB, INESC-ID,
INESC-TECH, UBI, UEvora, SPF,
ISEC/IPC, LIBPhys, BioSI,
CCMAR, ISEC, UPorto, IMM, IGC,
PORBIODATA, FCT-FCCN

CSIC, IFCA, UPV, CESGA, BIFI, UAM, PIC, Lifewatch ESFRI,
UGranada, USC/IGFAE, INFN, INAF, UFerrara, UTorino,
UPadova, UPisa, UUdine, PoliMilano, PoliBari, LLR 4



Delivering IT services

Computing and data
For LIP

Cloud Computin HTC Computin i
1.  Delivering internal IT services to LIP PHEnS e HEGEAmpENg pata

o  Supporting research, innovation, education,
outreach and administrative activities at LIP.

Infrastructure

2. Participation in national and international projects,
initiatives and digital infrastructures

o  Performing Research and Innovation

Via INCD Devel S
1.  Provide compute and data oriented services to Portuguese evelo p ment rOJ ects
academic and research community

o  INCD is a spinoff from the LIP participation in
projects on computing and digital infrastructures.

o Isthe basis for the LIP computing services. H

o INCD itself is a legal entity, private non-profit COl la bO rative
association that joins LIP, FCT and LNEC. Research

o  Research infrastructure in the FCT roadmap of
research infrastructures (until 2022).




Competences
Projects & Initiatives

The group has participation in projects,
infrastructures and initiatives in areas such
as:

Digital infrastructures

High Performance Computing
High Throughput Computing
Cloud Computing
Federated/distributed computing
Software Quality Assurance
Software management

Linux containers

Data repositories

computing and data services for the
nfreestrura - @Cademic & research community

Nacional de

Distrbuida LIP | FCT-FCCN | LNEC

Infrastructures and initiatives

PRl 5ERGRID R AR py—— RNCA

Worldride LHC Computing Grid

Projects

EDSC Future %* Pc

)
pCle 7 repositorio

o

interTwin «( DT-\GEO a4 |cpeosc  iMagine




INCD operations centers in 2024

2 ‘ I P
=" ' B TN ST -
= & £ ,,ilt . i INCD-A @ LNEC in Lisbon
’ '3 " = : sk HPC / HTC / Cloud / Federation
== % .i a—a—ar—al}- 6000 CPU cores
1| ] it i .8 I g &> el B .
—— e e e ] 5 Petabytes online raw
= 3 == _:“—; §g- 100 Gbps
N L =i=i=i—1} Includes the WLCG Tier-2

INCD-B @ REN in Riba-de-Ave
INCD-L @ LIP in Lisbon

Tape storage
1 Petabyte backups
10 Gbps

HPC / HTC

2600 CPU cores
384 Terabytes raw
1 Gbps

INCD-D @ UTAD in Vila Real
(STARTED PROD 2024)

HPC / HTC / Cloud / Federation
5000 CPU cores + IB HDR200

4 Petabytes online raw

10 Gbps

INCD-C @ UC in Coimbra
(BEING RENEWED)

Tape storage expansion
20 Petabytes

10 Gbps

AEWME N K o aw




Network and housing in 2024

» INCD - A @ “Sala-Grid” LNEC in Lisbon
»  Main data centre for INCD
» 100 Gbps connectivity
» Datacentre managed by FCCN
»  Equipment managed by LIP team in Lisbon

/Coimbra

k.

» [INCD-C@ UCin Coimbra Support LIP
» 10 Gbps connectivity
»  Physics department datacenter under agreement with LIP
»  Equipment managed by LIP team in Lisbon

= |INCD-D @ UTAD in Vila Real
» 10 Gbps connectivity
»  University of Tras-os-Montes e Alto Douro data centre under agreement with FCT
»  Equipment managed by LIP/INCD team in Braga/minho

» [INCD-L @ LIPin Lisbon
» 10 Gbps connectivity
» LIP datacenter
»  Equipment managed by LIP team in Lisbon




Federation in IBERGRID and EGI _«%°%¢, 7.1B
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INCD is the main Portuguese infrastructure in

// . \\ 84.000 .'-.

EGI and IBERGRID ‘/ 407M ‘ ".. Users . 70M
IBERGRID - 320 million jobs since 2006 Federating about Computaiona e G CE
(INCD supported > 6%) 1,243,400 CPU cores \7 //,,/ teaaen :

and over 1,4 Exabyte of
storage space from

hundreds of data cloud+grid+data
centres including WLCG
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IBERGRID and EGI

IBERGRID responsibilities and activities:

IBERGRID and EGI provide the backbone for WLCG

e Operations coordination at Iberian level and United
interface with EGI operations

e Software management for the EGI and IBERGRID
federations

®  Regional technical contact point
e  Support for user communities

e Developing and operating core services e.g. software
repositories for the EGi federation

Shall

Algérie /

° Integration of thematic and/or user services




The challenge of
Computing for the LHC

LIP participates in the ATLAS and CMS
experiments at the CERN Large Hadron Collider
(LHC).

The MoU for Collaboration in the Deployment
and Exploitation of the WLCG was signed in
2006 by CERN, GRICES and LIP.

Under the MoU LIP operates a Tier-2
computing and data facility integrated in
WLCG for ATLAS and CMS.
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‘ WLCG architecture

Tier-2 centres

ﬁ (about 130) ﬁ

nogr lier-1 centres

GridKa
Germany

CCIN2P3 "’ “»
France -

SARA-NIKHEF &
Netherlands
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— WLCG —

Overview of the data processing in the ATLAS experiment

Trigger

Event Filter

TierO CERN

1'

Tier1s

1'

Tier2s

( Physics users ’

ATLAS and groups ATLAS
Data Catalogue Data interactions ¢ Workload interactions JOb .
Data management o o e mandgemen
and replication /
\ s\ l requests e
l 3 Rucio PanDA &U
Storage interactions ~ Workload submission
—7
[ | 4 A4 [ [ Y Y
Storage Compute
Element Element
) )
— )
— I

Grid HPC Clouds
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il

Portuguese Tier-2
ATLAS and CMS

wJeq win|g

] . . Scheduler
The Tier-2 uses grid middleware and operates

in the framework of the INCD infrastructure.

Currently based on the INCD Slurm cluster in

Lisbon (INCD-A @ LNEC). Xrootd
Webdav
SRM
ARC-CE + Slurm batch scheduler etc
XRootd + Lustre

StoRM + Lustre Lustre Data storage
CVMFS

wWLCG

Worldwide LHC Computing Grid




E. LHC Optical Private Network (LHCONE)
% Interconnects the WLCG Tier-1 centres worldwide

Star topology
e IxTier-0
e 15x Tier-1s
e 18xSites

FR.CCIN2P3 e 15x countries

US-FNAL AS 789

% e 3xcontinents
. Upgrading to 400Gbps

- 1.2Tbps foreseen for HL-LHC
IT-INFN-CNAF

AS 137

SURFAS 1162 NIKHEF AS 1104 Scandinavia AS 39590

UniBern AS 216467

E o 3

) s 10Gbps
=A =Atlas §=CMS =LHCb
l = I l w— 20Gbps
. — 1(X)Gbps
edoardo.martelli@cern.ch 20231003 200Gbps

e 400Gbps

Requirement for 2029: 1 Tbps per site




LHCONE

LHC Open Network Environment (L3VPN service)

Private Network connecting WLCG The LHCONE is open to other
sites (Tier-1s + Tier-2s) HEP scientific collaborations
e Bellell
e Dedicated network for LHC o X
o ATLAS, CMS, ALICE LHCb enon
® A collaborative effort among Research ® Juno
& Education Network Providers e Nova
e Multi domain L3 VPN e Pierre Auger Observatory
e Routed Virtual Private Network e DUNE
connecting Science-DMZs The
o Eggl?ncsen:ir;gunltles for traffic e > 33countries
e Only for declared IP prefixes ® >4k sites |& I



LHCONE Map Ver. 9.0, 2024-03-24 - WEJohnston, ESnet, wej@es.net

LHCONE L3VPN: A global infrastructure for High Energy Physics data analysis (LHC,
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Data (Lake)
Infrastructure

Compute
Infrastructure

Data Lake

Moving to a network-centric model

CPU and storage not necessarily co-located:
e need fast and reliable WAN
e Storage might offer different QoS classes
e caching for remote compute Infrastructure

—

& Dlstnbuted Reglonal Storage =

Asynchronous
Data Transfer

= Dlstnbuted Storage —

—

Data Lake model

&g% $OFTS o~ {é}
S =
;}Ig Data. Lake

'

s e
{8 G

i JFTS a {é}
Data Storag Data Manag Data M Data Stream Data Cache Data P 9

Fewer number of site operating storage
services -> less data replication

https://doi.org/10.1051/epjconf/201921404024



N CONSORTIUM  PRIVACY

OPENCoasts=" =

Coastal circulation on-demand forecast FZN '

OPENcoastS
Coastal forecasts

Coastal forecasts on-demand. Accurate and

timely predictions on water conditions.
e \Water levels and velocities, wave characteristics
e Forecasts using the SCHISM model

Atmosphere forcings:
e GFS(NOAA)
e ARPEGE (MétéoFrance)

Ocean forcings:

e PRISM2017 (LNEC)

e FES2014 (LEGOS)

e CMEMS (Copernicus)
Wave forcings:

e  North Atlantic WW3
Data:

e Buoy sensors

e Satellite images

e \Weatherinfo



https://opencoasts.ncg.ingrid.pt

OPENCoastS EGI

Data ACCOUNTING
Preserva
Data tion
.. Repository
for INCD
dow’ load

IdP
EduGain
Social

STORM
Lustre

OPENCoastS
networkS Gefjas INCD
GTF x.509 Server . . ARC-CE
e via Lustre Farm

OPENCoastS deploy " " = g

Web Portal ments

Other
OPENCoastS EGI
User Backend WebDAV

Other
€]
CE



EOSC Portal
[EOSC Core Services I C-SCALE
(AAL, Monitoring, Accounting, etc.) R i (VMs, Cor
esource Catalogue

C-SCALE Compute &
Data Federation

C-Scale
Copernicus

European Open Science Cloud project.

C-Scale federate European EO infrastructure
services:

Aqua Monitor detects how the Earth's
surface water has changed during the last

e (opernicus DIAS and others. = 30 years.
e (apitalise on the European Open Science Cloud = _7 ; Changes are detected in real-time using
(EOSC) capacit\/ and capabilities. i & satellite imagery for any place on Earth.
: : Ui . -
e Support Copernicus research and operations o Porting the application from the Google
c . . e Earth Engine platform to the open
with large and easily accessible European N ) C-SCALE infrastructure, providing an

Computing environments. interactive (zoomable) map that displays
; land use changes (wet vs dry).

Relies on the top-of-atmosphere
reflectance images from Landsat 4,5, 7,
and 8 and will be extended to use
Sentinel-2 MSI Level-1C data.




i portugues®do GBIF
PO 9 9.,57

‘ Biodiversity IN
CD

¥,
4 -

Integration of Iberian biodiversity information Portal Nacional de Datos de
Biodiversidad

in the Global Biodiversity Information Facility.

e Joining the Spanish and Portuguese GBIF nodes

u openstack http://dados.gbif.pt,
. . Virtual Machine: ala-home http://r dados.gbif |
e Integration of GBIF nodes in EOSC Ununts 14,064 G5 AN, 2GR, 33 6B sorage N e il

Ubuntu 14.04, 4 GB RAM,

Apache HTTP 4CPU, 20 GB storage
e Enabling combined analysis of data ——

Apach it
g . jeneric-hub
e Implement resiliency for both national nodes

Virtual Machine: alathomel
Ubuntu 14.04, 16 GB RAM,
8CPU, 20 GB storage N
/ Vittyal Machine: ala-images
Ubuntu 14.04, 4 GB RAM,

Collaboration with the GBIF nodes of Portugal
(ISA) and Spain.

:n;«;ez: Z'SE‘X’,&, ~Virtual Machine: ala-cas
GB storage ~Ubtntu 14.04, 16 GB RAM,

Virt Vol:
ala-solrl
300GB
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Artificial Intelligence:
AI4EOSC

Advanced services for Artificial Intelligence (Al),
Machine Learning (ML) and Deep Learning (DL)
models and applications in the EOSC.
Event-driven data processing based on
serverless computing.

Agrometeorological forecasts

Integrated plant protection scenario
Automated Thermography

LIP contribution:

(@)

(@)

Software, services and applications quality, data
FAIRness
Integration of udocker for serverless computing

Custom topologies

Paas
w7 w5e Orchestrator

create/update
model

repeat until
reaching the
aesired accuracy

evaluate
model

Figure 1: Machine learning application development lifecycle.

7D Experiment Model provenance

dashboard MLOps' framework
>

Model

Composite Al repository

Composite Al and experiment centric services|

F—_J

Dashboard Alas aService | Interactive environments.
—Customization—»

Infrastructure Manager Advanced training layer

Customization and provisioning Next generation Al platform

HPC resources N ‘Federated leaming agent
\

!
~ laas resorces o ¢

|
-
~~_ ResauroeplGviders| data

Resource layer

|

Domain-specific
metadata

D Model
catalog
AKEOSC Exchange

Software layer

Software quality

o N
FAIR Assessment Qg%&’

QA and automation

Service quality

Platform layer
AAI - EURDPEAN OPEN
= SCIENCE CLOUD
Monitoring
Accounting

EOSC-core and other services
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-
Use case developers ]
Artificial Intelligence: r" e
iMagine - I =
h

User code

= —— ,...m(

MLOpS PyTorch
o Imaging data and services for aquatic science : = T A moces = :"“”"' o
o  Ocean warming, and acidification Pk < B S —
o Litter and oil spills monitoring of water surfaces
o  Marine biomass estimation and preservation
through real-time monitoring seendiistion 4.5
o) Coastal ECOS\/StemS, and beach-related human Installation T4.1 — Al Application Development Service Al Applications as a Service

activities monitorization and analysis
LI p contribution, Installation T4.3 — Federated Compute Infrastructure for Al (EGI sites)

o DEEP Al Application Development Service
INCD contribution:
o Federated Compute Infrastructure for Al and
support




‘ Digital Twins: DT-GEO

HPC/Cloud infrastructure
I | ShakeMap, FinDer Shake maps

o  Digital Twin for GEOphysical extremes (DT-GEO) oo | Eethquake Rapid source S
F : lert racterisation ~vase
that aims to analyse and forecast the impact of ~ cherecterisato shakemap Daaivn
A shake maps 10r
tsunamis, earthquakes, volcanoes, and v carly warning

anthropogenic seismicity. SR B —
e LIP contribution: Gortinuous wevefomn [——> -
o  Workflows and support for deployment of wesmeter
components in HPC and Cloud resources EPSS  oRpueus |

~—] ’ ~—] Data Modelling
Q ‘ Static data rﬁ et ﬁ] (+Al) : Products




ALICE Performance 2018/03/20
2015, Pb-Pb, VSyy = 5.02 TeV

‘ Software

Speedup (normalized to a single core)

The real H L— LHC Comput”"]g Cha“enge |S a software HLT GPU Tracking v.s. HLT CPU Tracking (AMD S9000 v.s. Xeon 2697, 2.7 GHz)

HLT GPU Tracking v.s. HLT CPU Tracking (NVIDIA GTX 1080 v.s. i7 6700K, 4.2 GHz) %
I‘O b I e m . HLT CPU Tracking v.s. Offline Tracking (Xeon 2697, 2.7 GHz) +—
p :

1.5x10° 2x108 2.5x10°
Number of TPC clusters

e Moore's law is still there in the number of
transistors
o Butnotin an easily usable form -

many cores, specialized use new types of resources (HPC, GPU, other
co-processors (e.g. vector units), nonx86) o .
o Implies significant re-engineering & re-writing
GPUs, etc., : of core application software
o (Most of) Today's software is not s Most of the code developed by
efficient on these processors (legacy physicians over the last 10y
code x86_64) o Thisis a non-trivial and long-term proposition

25




\\' Sign up \ =

B indigo-dc / udocker  Pubic 0 Notifications % Fork 105 Y Star 945

<> Code (O lssues 28 1 Pullrequests 4 ® Actions [ Projects [ wWiki @ Security

u d 0 c ke r ¥ master ~ Goto file About

A basic user tool to execute simple

== jorge-lip Update codemeta.json - X onFeb4 1,660 docker containers in batch or
interactive systems without root
U D O C K E R B sqa Remove sqa configuration block not requir... 12 months ago privileges.
@ & indigo-de.github.ioludocker!
| etc update vari
B paper paper.md
User tool to execute docker containers in user ™ st
B udocker nths ag ud ‘eosc-hub
space. Developed at LIP: -
O .gitignore add to gitignore, remove link
O .maimap add mailmap
P FU | |\/ u Se r S pace : 0 travis.yml prepare for test and travis v ek &
[ AUTHORS.md up a
e No root privileges required to use or install. O et i I —

e Does not require compilation.

e Download and execution of docker containers

by non-privileged users. =
Q
v
e Suitable for Linux batch systems and interactive p;tm;e S
clusters managed by other entities such as grid translation 2
. Nno namespaces . E
infrastructures. no chroot : .S
no mounts 5 container 3;}
e Does not require Linux namespaces. . dirtree

. user
ptrace shared lib namespaces
namespaces

https://github.com/indigo-dc/udocker (proot) | (fakechroot) § /oy | (Sineularity) B execute



https://github.com/indigo-dc/udocker

Software from LIP
SQAaaS

Quality Assurance as-a-Service platform (SQAaaS)

e  Enables the on-demand creation of CI/CD pipelines
making quality verification and validation easily
accessible to developers.

o  The Pipeline as a Service building block allows
you to compose and test customized CI/CD
pipelines in accordance with reference criteria.

o  The Quality Assessment & Awarding building
block analyses, the level of compliance to the
quality baselines.

e Integrates a wide range of quality verification tools
that are made easily available through a friendly
web interface.

https://sqaaas.eosc-synergy.eu

Software ——
QA Assurance.
Phase Basellrllena .
Software

Software _ i
L Quality
Repository Validation

) Artifacts  EEEEE)

Researchers,
Developers,
. SQAaaS
Cqmpytatlonal wehQinta;face
scientists, RSE

Programmatic
access

G@H

SQA

baseline Environment qc_style qc_coverage  qc_functional

dynamic Setup o3api o3api o3api
stages

14s 5s 1min 43s 23s 1min 50s

1min 43s 23 1min 50s

Service
QA Assurance
Phase

Service Quality

Baseline criteria

&

Service Service Service

Delivery for ‘ Quality - Delivery
Validation

Validation Production

2 R

Cl system Badge issuer

00—

Quality Assessment & Awarding
Evaluates the level of compliance of a source code
repository or running service according to the SQA baseline

qc_security qc_doc Images to
o3api o3api Docker
Registry

Compose
cleanup

10s 1min 14s 7s 5

1min 14s



https://sqaaas.eosc-synergy.eu

Final remarks

HEP is highly compute and data intensive and has very large specific requirements

o  Computing infrastructures and support are both essential and an integral part of HEP activities and they have been
extremely beneficial to the wider research community and society.

The infrastructure capacity for HEP activities requires huge amounts of capacity and human
resources

o Lack of human resources it’s playing a key factor on today's deployment even with full service automatization. Use of
Al may be a solution for some cases.

dedicated facilities such as the WLCG are needed across multiple domains and tecnhologies

o  They are very specialized and suitable to other similar uses cases and they provide useful services that can be used
by other communities

Better code development and planning are required in scientific computing

o  Use of methodologies based on good practices reduce programing effort cost
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EuroCC

HPC Competence Center EURG

Competence Centers for HPC

A source of information,
training and collaboration.

EuroHPC support project (2020-2022-2025)

News and Events

High Performance Computing National
Competence Center in EuroCC.

Registration to the 3rd BER G 222D
k | d edition of LIP Data Science 1SC 2022: Europe’s biggest 5 - Defivering
e Boost European HPC knowledge isnowopen e e Rep o Compiingand
e European network of 33 national HPC —— o -
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competence centres (NCCs) iy | s | SRS
7 H - organized by LIP. All PhD students developments in HPC, machine onference will take place in Faro,
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participate! More than 60 countries and three
thousand attendees will be
involved.

Areas

e Technology transfer
Training and skills development
Awareness and collaboration
Collaboration with industry https://eurocc.fcen.pt / contacto@eurocc.fcen.pt

Access to expertise and knowledge
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Research data
Repositories

FCT contract, performed under INCD activities.

Feasibility study for a national catchall data
repository aligned with open science and FAIR
data principles.

e leverage EOSC-Synergy work on thematic data
repositories and FAIR quality indicators.

e Productization and automation of Dataverse
based data repositories.

e Address resiliency, redundancy and data
recovery aspects.

e Integration with federated identity e.g. Ciéncia
ID, RCTSaai.

e Integration with permanent identifiers.
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Data Analysis at the LHC

@| The process to transform raw data into useful physics datasets
- =| @ This is a complicated series of steps at the LHC (Run2)
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