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The ICSC (or CN1, or Centro Nazionale 1 or Centro Nazionale HPC)

*Funded in the framework of PNRR (Piano Nazionale @ DN
Ripresa e Resilienza) for 3 years o5 =
* Financed as one of 5 National Centers aiming to
foster innovation in selected research fields, via the
realization of large-scale, state-of-the-art
infrastructures and labs
 CN1 started its activities on Sept 1st 2022

UNIVERSITA DEGLI STU

« Headquarters at the Bologna tecnopolo il

* |[n numbers: u”m !::'N;,;‘:‘?;':.M
* 34 Universities and Research institutions il BN e g
* 15 major Italian companies UiplSl || cingca ‘
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Lo Spoke 2 in ICSC:
Fundamental research
and space economy

*Spoke Leader: INFN

e Sandra Malvezzi
e Tommaso Boccali

*Spoke co-Leader: INAF

* Antonio Stamerra
*13 Universita
3 privati confermati
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Spoke 2 - Fundamental Research & Space Economy

Science, and in particular science at the frontier of knowledge, is becoming more and more a computing
intensive discipline.Current and next-generation experiments show processing and data needs comparable |
(with the top global players and need a stack of solutions which are not typical of the curriculum of scientists. |
The trend has indeed started more than 15 years ago, with the development of solutions needed to satisfy the
science of Collider Physics; since then, similar needs have been documented in other scientific domains, with
Astroparticle physics showing by the end of the 2020s similar if not larger resource deployments.(The activities |
(in Spoke 2 “Fundamental Research and Space Economy" focus on boosting the science capabilities of current |
(and future science initiatives, using the opportunities that PNRR in general and the National Centre for Big |
(Data, HPC and Quantum Computing (CN) in particular offer in the next three years. |

* Activities are organized in 6 work packages (WP)

« 3 are driven by scientific needs (have the need to perform a calculation and search for
technologies)

* 3 are driven by technological assets (have the technology and search for applications)
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WP 1-2-3

® WP2.1: Design and development of science-driven tools and innovative algorithms for Theoretical Physics

©  Main Activities:[development of algorithms, codes, and computational strategies for the simulation of ]
[physical theories and model%, towards pre-Exascale and Exascale architectures. Theoretical research projects
in domains already using HPC solutions.

® WP2.2: Design and development of science-driven tools and innovative algorithms for Experimental High
Energy Physics
O  Main Activities:(selection, data reduction, simulation and reconstruction algorithms (either via explicit
[programming ormmmw—]m KEK,
[HEP, neutrino experiments...), with applications ranging from innovative triggers to distributed analysis
techniques.

® WP2.3: Design and development of science-driven tools and innovative algorithms for Experimental
Astroparticle Physics and Gravitational Waves
O Main Activities:(data reduction, reconstruction and time cross-correlation algorithms, data selection and
[simulations of astroparficle and gravitational waves experiments,| tools for cross-correlations and pattern
recognition 1n multi-messenger physics, including novel implementations using techniques like Machine
Learning.
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WP4-5-6

® WP2.4: Boosting the computational performance of Theoretical and Experimental Physics algorithms

®  Main Activities: [porting of applications to GPUs and heterogeneous architectures de. g., scalability of scientific codes and applications on GPU/CPU
many-cores clusters, local and remote offloading, mission-critical algorithms on FPGAs, ...). The solutions and tools implemented during the project
will be easily extendable to other scientific domains of the Centre and to the industrial partners in the Spoke; moreover, the personnel trained within

the Centre will help to spread and boost the application of HPC methodologies to Italian academic and industrial fields, for a comprehensive
advancement of the Italian system.

® WP2.5: Architectural Support for Theoretical and Experimental Physics Data Management on the Distributed CN infrastructure

® Main Activities: Support for the adaptation of existing applications on the data-lake distributed infrastructure] and via innovative computational
models (for example sharing of gauge configurations In lattice field theories, long- term data preservation, streaming access to data, tiered storage
solutions, ...). The solutions implemented will be tailored to the needs of the scientific fields, easily extendible not only to the nearby scientific
domains in the Centre, but also to all academic and industrial realities where needs to access distributed computing and large amounts of data exist.
In particular, the industrial partners in the Spoke have expressed interest in using the same technologies for their specific use cases.
® WP2.6: Cross—domain Initiatives

®  Main Activities: c{ptimization and adaptation of widely used software packages on the national Centre infrastructure, like Geant4 or FLUKA]or
generic high-performance techniques for data access/analysis; statistical and Al-based tools; data-interpretations tools. In the context of the|Space
[Economy Italian Strategy, develop and deploy techniques to access, analyse and process the data from the Mirror Copernicus program,|creating the
conditions to enable radically innovative services. In particular, enable thorough and continuous observation programs for global and local
processes, allowing external partners to operate a large variety of services, including the planning for emergencies, risks and resources.
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Kick-off and current activities

* Kick-off of the spoke 2 on Oct 13th (see the slides for more info)

. Kick-off of the CN1 this weekend with national authorities in
Bologna

All WPs are currently in an investigative phase, in which use
cases for the new infrastructure are being polled

Aim and broad brush roadmap:

. Use case identified within year 1

. Testbeds in place by year 2
. Production by the end of the project
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“Yes, yes, but what does it do for me?”

- Watch out for job opportunities!
It gives you a platform to make requests to: come with a use case,
with a request of resources and a plan, we will try to fit it. (caveat: not
something you need “tomorrow”)

Join the discussion and announcement lists
 htips://lists.infn.it/sympal/info/cn1-spoke2-wp2-all (and similar for other WPs)

Watch the indico category WSl
» https://agenda.infn.it/category/1774/ Leader Leacer 2

_ ] ] WP1 Leonardo Giusti (UNIMIB) Leonardo Cosmai (INFN BA)
The CN1 is being shaped right now WP2 Piergliulio Lenzi (UNIF)  Vincenzo Vagnoni(INFN BO)
. . WP3 Paolo Natoli (UNIFE) Marco Landoni (INAF Brera)

We a" can ContrlbUte Shape It WP4 Alexis Pompili (UNIBA) Simone Gennai (NFN MIB)

to match the needs of our field . WP5 Elvira Rossi (UNINA) Daniele Spiga (INFN PG)

WP6 Alessia Tricomi (UNICT)  Francesco Visconti (INAF Roma)


https://lists.infn.it/sympa/info/cn1-spoke2-wp2-all
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WP2 - how it looks like today

*~ 75 people expressed interest, i.e. are in the (D] |
mailing list (are you?) s
« Expressed Needs are in terms of e —

* Algorithms [ Machine Learning, and porting on
heterogeneous infrastructures

* Infrastructures — high throughput distributed analysis
Strong interactions with WP4 and WP5
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ML based Simulation - Fast, Faster, Flash (l)

Used in:

ML-based fast simulation has strong traction (LCHb, S amag ¢ GAN
CMS, ATLAS) in Italy — Can profit massively from ICSC

Detailed Simulation (a.k.a. Full Simulation)

Generator Simulation | | Event .| Offline analysis | Statistical analysis on
Geant4 Geant4 Geant4 Reconstruction (vertexing, decays) nTuples/nanoAOD
Fast Simulation
Gonertor Simulation | | Event .| Offline analysis || Statistical analysis on
Geantd ML ML Reconstruction (vertexing, decays) nTuples/nanoAOD You’ll learn about this
Ultra-Fast Simulation in this hackathon
: s Offline analysis Statistical analysis
Generator — Machine Learnin h >
g (vertexing, decays) on nTuples/nanoAOD s sy Transforaied deasity
’ : N N
Flash Simulat \ oy —~ '
2sh Simulation S all fl (@) 2 I
L : ; .| Statistical analysis - / D~ < ¥
Generator Machine Learning on nTuples/nanoAOD = / \\ ———— :7 ~ \ “/ \
' | / * &
Normalizing Flow/GMM f(z)

Massive GPU resources needed in bursts of time, to
shorten the development cycle.


https://agenda.infn.it/event/32786/contributions/182006/attachments/98096/135593/FastSim%40Spoke2.2.pdf
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ML based Simulation - Fast, Faster, Flash (l)

Hyperparameter optimization crucial for this application — You'll learn about it in this hackathon
An extreme use case that could/should be adopted also in other contexts (smaller/simpler networks)

Optimize physics output is a responsibility

Train

v

Validate
training

v

Deploy

v

Validate
generalization

v

Improve

Develop

QRA®

Experimental in-house service
hosted on INFN Cloud to
coordinate optimization studies

across multiple sites via REST APIs.
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ML based event reconstruction

Trigger infrastructure Vertexing e tracking Particle ID
Anomaly detection strategies Graph NN per pattern \/arie iniziative nel contesto di
for trigger con uso di FPGA recognition esperimenti attuali e futuri
Porting eterogeneo del codice NN per 4D vertexing Pipeline di deep learning
di trigger su GPU You’ll learn about this
You'’ll learn about this AU L e D L e Tl e #n PlvaTes Tyat
Patatrack jn this hackathon eep Learning ripeline 1or FnysICs Data
= 2500 e
51500 / @ —> .//4 .—ﬁ}
: "1$ ‘\ Read physics Prepare 1. Specify model Train the best
1000 ¢ 2, ) data and input for topology model
/”"4’—‘ v iy featyre A Deep. 2. Tune model
G engineering Learning topology on
e B e K e Tracker Data (a) Graph Constructio "\Z Lo S catom
e caf:‘ingﬂ‘emm Spr K suitt with Apache Spark + Analytics Zoo + Python Notebooks

8 20
Number of Threads / Streams
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ML based event classification -

: encoder decoder :
Bread & butter in WP2: two main research lines i H
e S/B fully supervised X d(e(x)
o With domain adaptation — You'll learn about it in this hackathon encoded-docoded dota
e Anomaly detection
e Innovative architectures Data structure in HEP

e Parametric NN %% 200713681

e Adversarial You'll learn about it in this hackathon
o  With industrial partners

e Graph NN You'll learn about it in this hackathon

@ Tracking

¥ S
ak
y

) Calorimeter clustering

2203.12852

All of these come with hyperparameter optimization needs

(<) Event classification @ Jet classification


https://agenda.infn.it/event/32786/contributions/182013/attachments/98100/135604/ML_Classification_Techniques.pdf
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ML based cross domain initiatives

Various initiatives active in Italy that are of shared interest with industru

e Explainable Al — You'll learn about it in this hackathon
e Data Quality monitoring

HEP is an ideal playground for XAl due to the MC truth availability

DQM leverages temporal series, uncommon in HEP, can use transformers? — You'll learn
about it in this hackathon

online | offline simulation
fl data
MC RelVal of :"&.‘ 't".:‘ side 0 : ‘:‘&‘r_?’ﬂ 1200 0 100000
| | 10 it AR 10 $2 o SN 10
= . - d"ﬁf 2 1000 :f 0:? e 1000 80000
» REAEREE o »
....... LY) LT) Ay et M
.................. 5. ,""""'?.":'f 0 » u.t:..n‘r: = 60000
O | e o Earbetatl | oo o
DQMGUI bl j';’.-:é,i f_;:n;,‘y_rq 40000
iy fv, 1 - 00
; C  C “psan * P "
o rpt i . = 20000
B | I N
validators » B V}, Py 3 70 $UAE SN0 0 » °
° 2 . 0 P 0 2
etec “aool V
xpert =
¥ % validated release (a) Good Image (b) Dead Image (¢) Hot Image
R o
\\ e by => golden JSON



https://agenda.infn.it/event/32786/contributions/182025/attachments/98098/135596/2022_10_13_XAI_DQM_per_WP2.pdf
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WP 3, i.e. the WP2 parallel for Astroparticle/GW

* \Very preliminary assessment of use cases involved:

* Event search and/or classification (Cherenkov, GW, DM, ...)
* Largely GPU based
» Afewrequests for FPGA
* ML techniques often proposed

Simulation/reduction pipelines for cosmological surveys
e Strongly CPU/HPC based
« Some I/O + bandwith requests

Request for CPU/GPU flops for existing codes (not necessarily connected to algorithm development)

Code devolopment:
* Cross-analysis of datasets, joint analysis of heteregenous data
* Machine learning development appears “almost everywhere”

* Porting existing codes on GPU: wide spectrum of readiness
Request for improving data accessibility
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WP 4 and 5
In a nutshell, WP4 proposes new technologies (e.g. GPU, FPGA

etc...), WP 5 scales them up
e AlgoritmiML P4 involvement in ML

Largamente in uso nella nostra comunita| con sempre maggiore interesse per deployment su acceleratori vari ]

o) Per qu
|
|

ottimizzazione delle performance su GPU (eliminare i "colli di bottiglia" come il trasferimento dei dati o tuning di hyper-parameter:

sviluppare know-how per il porting a FPGA (molti usano HLS4MJL che e'in fase di completa riscrittura, ma sembrerebbe che

nuovi tool siano in via di sviluppo)
per quanto riguarda la formazione (hackaton, workshop, repository di esempi e mini tutorial) significativa e' I'esperienza gia accumulat%

nelllambiio del progetto ML_INFN: sarebbe opportuno approiittarne Il piu” possibile evitando di duplicare lavoro gia fatto.

"

)

e Risorse di calcolo (compute e storage ) ... “il ferro”

= un esempio specifico: vediamo molte ricorrenze per la richiesta/interesse di FPGA..
oltre, in realta, non é solo questione di “ferro” ma anche interfacce (i.e. cloud, hpc altro

W P 5 | n VO I Ve m e nt | n M L ’ esposte, questo per noi si lega al punto successivo

e | Servizi abilitanti sia I'accesso alle risorse di cui sopra, ma anche abilitanti workflow]
che abbliamo solo Iniziato ad identificare | requirements ( vedi slide precedente )
o Allo stato attuale vediamo sicuramente possibilita di sinergie con attivita/progetti dove

avvengono inerenti
m in ambito infn: sicuramente INFN-Cloud, ML_INFN
per ottimizzare vorremo quindi attingere da soluzioni esistenti ( estendendo etc )

come ci relazioniamo?
o L’identificazione della soluzione dipende un po anche da quali risorse ( interfacce )
infine... dobbiamo preoccuparci di capire se altri stanno pensando cose simili e fare sruppo? o

(o]
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Concluding remarks

Una panoramica delle “condizioni al contorno”

E ora buon lavoro!




