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The rapid growth of data from scientific, industrial, and institutional sources will pose challenges in deriving
social and economic value. Supercomputing, Al, numerical simulations, high-performance analytics, and big
data management will be vital for tackling societal issues and fostering sustainable innovation.

To implement Italy's National Strategy for HPC and Big Data, key steps include developing advanced
supercomputing and cloud infrastructure, establishing centers of excellence, fostering collaboration between
academia and industry, training experts, promoting innovation for SMEs, sharing expertise, evaluating societal
impacts, and addressing ethical implications through dedicated monitoring.

The CN aims to establish a national digital infrastructure for research and innovation by evolving existing HPC,
HTC, and Big Data systems into a cloud datalake model. This infrastructure will offer accessible cloud
interfaces, supported by expert teams, and foster a globally competitive ecosystem through public-private
partnerships, driving advancements in computing technologies.
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WP1: Design and development of science-driven tools and
innovative algorithms for Theoretical Physics

WP2: Design and development of science-
driven tools and innovative algorithms for
Experimental High Energy Physics

WP3:Design and development of
science-driven tools and
innovative algorithms for
Experimental Astroparticle Physics
and Gravitational Waves

SPOKE 2:

Fundamental Research & Space Economy

WP4: Boosting the

\ computational
performance of

s Theoretical and
Experimental Physics
algorithms

WPS5: Architectural

Support for Theoretical
and Experimental Physics

Data Management on the
Distributed CN

infrastructure

WPG6: Cross—domain
Initiatives
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Motivations

Challenges of LHC, HL-LHC and of the Future Colliders are pushing to re-think the HEP
computing models having strong impact on several aspects, from software to the

computing infrastructure

-rom the software perspective, interactive/quasi-interactive analysis is a promising

paradigm

¢ User-friendly environment

¢ Adopting open-source industry standards: Dask, Jupyter Notebooks and HTCondor
¥ Validating new frameworks (e.g. ROOT RDataFrame with multi-threading)

4 )

o Preliminary feasibility studies exploiting LHC data collected by the ATLAS detector
and using simulation and studies for future ee” colliders pseudo-data
¥ Testbed infrastructure for high throughput data analysis

\i‘ The local deployment is based on the Open-Stack Infrastructure as a Service paradigm (laaS) /
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Motivations

Challenges of LHC, HL-LHC and of the Future Colliders are pushing to re-think the HEP computing

models having strong impact on several aspects, from software to the computing infrastructure

ATLAS HL-LHC projections To efficiently analyze this increasing
amount of Big Data:
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Higher rates of collision events * Higher demand for computing and storage resources 7
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High throughput data analysis platform

/ N\ High Rate platform '\

After connecting to an entrypoint URL, the user reaches a The deployment of the Kubernetes resources needed

Jupyterhub instance that, after authentication and for the spawning of this platform, is handled via
authorization via INDIGO-1AM, allocates the required

! ~ HELM charts available in the GitHub organization.
\msuurces for the user's working area <P NEN . o ® -
B . Jupyterhub - Ar-
User Interface i S’ ' R EEEEEE TS :
4 A — ° nELM . Check the docs!
The user interface is based on Jupyterlab, customised N L mEsEER O\ T

with specific plugins for specific purposes (e.g. Dask).
T e o This allows a seamless, flexible, scalable and
fault-tolerant deployment on the available resources,

\_ with a limited impact on the admin’s work time )

-—
1

multi-tenant
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cemmosanie — From the software perspective, interactive/quasi
— T I R | I . interactive analysis is a promising paradigm
+ Worber: ok defut werkes-O3wedatzh , — Dask KubeCluster ..~ — Dask KubeCluster ~ , _ _
R — T T N A =l N Y e User-friendly environment
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: | : ! : | Dask, Jupyter Notebooks and HTCondor
The working environment is highly customizable, using | s | P dask 1 g dask wdask : !y dask wdask : e \alidating new frameworks (e.g. ROOT
tailored Duckgr cnntai_n_ers. This is important yuhen | : T 1, Y - O E RDataFrame with multi-threading)
\_analyses require specific software (collaboration-wise) / N e o= = . M- = - - \_ )
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PUBLISHED FOR SISSA BY @ SPRINGER

Soft leptons coming from a virtual W* boson decay

RECEIVED: February 3, 2021
ACCEPTED: March 3, 2021
PUBLISHED: April 16, 2021

Search for new phenomena in events with two
opposite-charge leptons, jets and missing transverse
momentum in pp collisions at /s = 13 TeV with the
ATLAS detector

Compressed mass spectra:
AmM < mw + Mp

Three different analysis in the Run 2 paper, already published, according to

240?1f1 production; ?1 — bff")‘g'?
“y g ot . ~ - - ;I " mmm xpected Limit (t1c
mass splitting between stop ( t1)and neutralino (¥°1), allowing different decay § 220F 222 Giane i et by A v st |2
0:1_ 200 ;_ All limits at 95,% CL §
modes: = 180F Lo 2
E 160:_ a1 b o® 5
$ 2 body — Am > mt a 140F
120 S ——— $ ® ﬁ
¥ 3 body — mw+ mMb< Am < Mt 1005, N o P
¥ 4 body, the one picked up — Am < mw + M 6OE \" % JHEP04(2021)165 |
. . . 40E
Common final state signature: 2 OS leptons (electrons/muons), jets and 208 % 3 3
0 L1

TN I N S T SR N S N
600 700 800

missing transverse energy 300 400 500

Cut & Count based approach

ICSC Italian Research Center on High-Performance Computing, Big Data and Quantum Computing Missione 4 « Istruzione e Ricerca



https://link.springer.com/article/10.1007/JHEP04(2021)165
https://link.springer.com/article/10.1007/JHEP04(2021)165

dall'Unione europea
NextGenerationEU

Finanziato |

4-body search workflow
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Skimming

e Offline reconstruction

e O(PB) for data and MC

o DAOD
e Provided by the Collaboration | ' |reduction
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Thinning —

e Removal of collections

e Baseline objects and trigger

e Scale Factors retrieval

e O(TB) for data and MC

g dask

N
Jupyter
o

[taliadomani

Analysis Facility

Slimming

e Removal of object quantities

_5_) e New variable definitions —

e Weights application
e O(10%? GB) for data and MC

—> & Nominal yields

—Event Selection|

e Region definitions

e Systematic variations

e O(MB), inputs to fitting tool(s)

EATLAS slimming code already in RDataFrame, but entirely written
‘and compiled in C++ —> NO dask distributed approach

\Event Selection\

Event selection for fitting tools

RDataFrame + Dask applied to Wt bkg sample ~ 1.8 GB

Code ready to play with other backgrounds
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Preliminary results

Overall execution time execution (execution triggered) to
the end of execution

@000 _D ................................. D .....
O | —=— Serial approach
E i E 1000 e D ................................. EI .....
S 800 —— Local cluster o | —s— Serial
§ " | —— Distributed cluster & 800 —— Localcluster [
T 5?3 || —— Distributed cluster
=l
B . . LUl 600 B
I Limiting factor for -
QU |verereeeeeremeee e e _ _ B
i the distributed A0 |
200k v * | |approach: timespent| [
i . v . 121010 R T PP P PP Ao e e eaeaeanaans Y
. ] to copy the inputs to - )
Ol B B e the worker nodes N B e
8 8 g 8 g2 |(~120s)—> TOBE
E £ £ £ £ 5 5 5 5 5
& 2 2 2 2 :3 2 2 2 o
X 2 : 2 : IMPROVED : ; 5 5
£ Z
:

Exploiting the distributed approach, the execution time improves wrtthe standard/serial approach if we iterate over a
significative number of systematic variations (each step in the x-axis includes previous contributions) 12
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|ICSC Workshop on Analy5|s Facilities

¢8, 9, 10 Gennaio 2024, Bologna. Agenda: link

e First part gpen to everyone, with lectures and
hands-on covering aspects on distributed data

analysis with ROOT and pure Python.

e Second part restricted to experiment
communities, covering specific analyses’

overview as well as future perspectives given by T a® T s |
the collaboration side—groups. " "'Iu"'u"nr_u e < hr_‘:FJ Paly Jﬂlulllﬂl':r’ 15 F|:1|:|||1‘}r

Tommaso Diotalevi (UniBO), Francesco G. Gravili (UniSalento)

13
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Conclusions & Next Steps

Interactive analyses feasibility studies on INFN cloud succeeded
¥ Performance evaluated using Dask on the local client or distributed cluster, wrt original implementation

Short term goals:

¥ Deploy of the code & relative instructions to allow other users to test quasi-interactive high throughput
data analysis platform
¥ Benchmark studies with local performance evaluation

— Medium-long term goals:

¥ Evaluate scalability and simultaneous performance with increasing number of workers

14
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Selection and histogramming interactively via

Fcce+e_ use-case New approach to data analysis RDataFrame on JupyterHub

o 5‘4 - Regres:
o = Deg; histograms,
D, i
, = e / N7 .~ ‘ new ROOT files
- S ROOT L Y ‘
EDM4hep input data format o 9

Apache Arrow ‘ ~ ~ 1
[ ATLAS XAOD ] ; data reductions
[ LHCb’s MDF ] , , (mean, sum,..)

flat input ntuples & S ;  Y

EDM4hep DataModel Overview (v0.4)
N s + iig dask used as backend
CRecoCaloAssociation
a2 hqm/
{OIE pesotie
OO = j O . . i
MCParticle ‘ efissoclafion e ReconstructedPartlcle Mee |n\la rlant mass flt
— ]
——— R
T et Convolution of a Breit-Wi d a Crystal-Ball, Chebychev pol. bk
\ wcrecoTacketh 20T TrackerHit = 'I'Cr%l} ertex _ orvoTTion o7 s BrelrTTignerand 8wy aco=%.gfoo%\gzoo.ooo%z1
Simaciel < e ] = 1= aot000n - sconres
_ S 200 ] ¢2 = -0.009999 = 0.00011
Reconstruction & @ $e _
Monte Carlo Raw Data Digitization Analysis : 180 + + + | fsig = 0.99999 + 0.00024
G 160 0= 91.125 = 0.045
F " b . | " d 140 + B = = 2.430 = 0.047
easibility stuay Byt s00 - oo
100
80 I
60 + L
+ + 40 dy
e e =
0_‘ J ) | | 1 | _l‘ |
2E
7 2 Tl
n < 14E
B
O  08E
0.6E
0.4
0.2E . . \ . .
82 86 88 90 92 94 96 98

m_ee [GeV], sf_97

ECFA presentation link . &
github link to the code ¥ Mimic systematic variations: e*e” energy gaussian smearing 17
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Preliminary results: distributed cluster

Kubernetes infrastructure: (Kubernetes workers & Kubernetes

[®] test_Zee3.ipynb @ | [A validate_user.ipynb X |+
B + X O [ » m C » Code ~ & Python 3 (ipykernel) O

master) on Open-stack | o e S

6]: .
6l D Client
Client-39cce58b-9827-11ee-aec4-bb6eedd234e22

Connection method: Cluster object Cluster type: dask_kubernetes.KubeCluster

Dashboard: http://adonofrio-scheduler.user-adonofrio:8787/status

1250 S : v Cluster Info
Parallelising on the cores of a single
D KubeCluster

machine with n_workers = 2

Dashboard: http://adonofrio-scheduler.user-adonofrio:8787/status Workers: 10

Dask distributed approach with | | - ST ———
n_workers = 10 # iterations Serial Local client Distributed vScheduler Info

750 approach  Dask Dask (] Scheduler

Scheduler-4dba4323-1515-459e-b911-6ff0a78cd0a0
Comm: tcp://10.42.63.173:8786 Workers: 10

1000

time [s]

500 Dashboard: http://10.42.63.173:8787/status Total threads: 100

Started: Just now Total memory: 200.00 GiB

50 590 S 320 S 75 S v Workers

250 (] »Worker: adonofrio-default-worker-058ae2a52b
/ D » Worker: adonofrio-default-worker-1060afb181

0 = D » Worker: adonofrio-default-worker-1e2a6feb33
100 1135 s 618 s 138 s (] > Worker: adonofrio-default-worker-22280e6511

D » Worker: adonofrio-default-worker-26502adaa7

#energy variations ———————————————————

Moving to a distributed Dask model and scaling resources, the performance improves
Advantage: use this use case as simple test for who wants to benefit from the infrastructure 18
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1250
Scaling without |
2 Serial approach
=% 4 changlng vour code 1000 Local clientapproach,
frm dask.distributed import LocalCluster, Client p.arallellsmg.on th_e LOres Of d
if distributed == True: _ 750 Slngle machine-with
RDataFrame = ROOT.RDF.Experimental.Distributed.Dask.RDataFrame Parallel o n workers =2
ROOT.RDF.Experimental.Distributed.initialize(my_initialization_function) qé o
else: T 500
RDataFrame = ROOT.RDataFrame } Serial
my_initialization_function() m
|
u ] 250
No changes required to the rest of the code
df = df.Define('w_nominal', '1"'") e —
df = df.Define("m_e","0.0005124") #GeV 0

df_ge = df.Define("goodelectrons", "Particle.charge[@]*Particle.charge[l] < 0.").Filter('goodelectrons > 1")

#energy variations

How to compare the performance?

yroach, th

Exploiting the local client ap

N T time improves wrt the stanc
Time elapsed from the start of the

Overall execution time execution (execution triggered) to the

end of execution variations ( > 10)

ard/seria

e execution
approach if

we iterate over a significative number of energy

19
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High throughput data analysis platform

Goal: provide the users with an infrastructure that represents a tradeoff between deployment speed- Q
flexibility, resource efficiency and service performance g
Solution being tested: the use of container technology (via Docker 20.10) that runs the applications and §
the Kubernetes tool for orchestration "
=
; : _ Q
Local testbed infrastructure provides 6 nodes, orchestrated via Kubernetes (1.26.3): =
S nodes play
1 node plays — e W  a—
master role T Worker — worker role
node
The Master node coordinates and The Worker nodes represent. the
manages the entire Kubernetes nodes of the cluster where containers
infrastructure. It includes the API are executed. Each one hosts the
Server, the Controller Manager, the ::(::tzliizrs Kutzg\-/?(;ic:]xy thaend acttLT:;
Scheduler, and etcd. . 9 20

computational caEacitx of the cluster.

ICSC Italian Research Center on High-Performance Computing, Big Data and Quantum Computing Missione 4 ¢ Istruzione e Ricerca



https://agenda.infn.it/event/38374/timetable/?view=standard#40-developing-and-testing-of-a

dall'Unione europea
NextGenerationEU

U~y dell'Universita
“ig> e della Ricerca

Finanziato | 453, Ministero |

i [taliadomani

Efficient & user friendly infrastructure

2 nodes equipped with Docker (20.10) for containerisation and Kubernetes (1.26.3) for orchestration

Jupyter Dask

The JupyterLAB environment A python library to scale python
allows users to exploit data code from multi-core local

science python libraries and to machines to large distributed
scale them over the cluster clusters in the cloud
() RDataFrame_test
Ip (M| Notebook . .
2 a Jupvyter interface includes:
1 g || ™ Terminal
Consol . .
2 Notebook implementation
wey ¢ Completely exportable and
- : S o replicable
Gianluca's presentation link = M & m P y
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