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Introducing myself

INFN

Istituto Nazionale di Fisica Nucleare |

s ———e e
Current activities focussed on ICSC-Spoke 2

Curriculum Vitae

Personal information

Name /Surname | D'Onofrio Adelina WP2: Design and development of tools and
Personal Email donofrioadele@gmail.com-adelina.d’onofrio@cern.ch . .
ORCID | orcid.org/0000-0002-0343-6331 algonth ms for Exper|men’[a| HEP
Nationality Italian
Date of birth | 5 June 1988 WP5: Support for Data Management on the

Gender Female

Distributed CN infrastructure

Awards

Dates 15/07/2020

Prize Chung-Yao Chao Fellowship 2020, granted by the Center for Excellence in Particle

Physics and the Collaborative Innovation Center for Particles and Interactions of the
Chinese Academy of Science (CAS)

Work experience

Dates | 01/07/2023 - today Target: benchmarking interactive
Occupation or position held Tecnologo III livello, contratto a Tempo Determinato
Name and address of the employer Istituto Nazionale di Fisica Nucleare (INFN), Sezione di Napoli an alyses W|th the | N F N h |g h rate p I atfo m

Main Topic PNRR - ICSC the National Research Centre for High Performance Computing, Big
Data and Quantum Computing, funded by European Union - NextGenerationEU
Spoke 2: fundamental research and space economy
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& Motivations
-8 Test infrastructure
8 Use case examples:
& In a future collider context
& ATLAS Experiment use cases
& Scalabillity results
& Miscellanea
& Conclusions
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Motivations

Challenges of LHC, HL-LHC and Future Colliders push to re-think the HEP computing models
& Impact on several aspects, from software to the computing infrastructure

To better analyse this increasing

amount of Big Data:
Similar trends for ATLAS and CMS HL-LHC prolectlons - &

5 (u= 00)

7 80T "'I"'I""d;""l_'_ oy 55 - I"UIIIE . .
o ATiaS e FAE . ATiaS e A » Optimize the usage of CPU and
& - o Baseline & ] g 4 = o Bassline E .
« Peak luminosity —Integrated luminosity é 6OF- + Conservative R&D - @ 3 5§ + Conservative R&D o,."m = Storage y
S — - g v Aggrgssive R&D 0 . g . E_ v Aggre.ssive R&D ‘-A_E
fffffffffffffffffffffffffffff L i e e T Vo g 3 » Promote the usage of better data
- g 40F 2 LHCC common scenario 0 . ,"A — 2,52— 4 LHCC common scenario _,f': ‘.*"" —f
""""""""""""""""""""""""""""" ' s (Conservative R&D, j1=200) ERC E = (Conservative R&D, 1=200) 3 .
A B S > a0l o E 2 A formats;
£ 5 = ] - & .- -
< g S 20f & 1oF E - D | lvsi
2 g P ; evelop new analysis
P4 = - ] - = =
£ 306434 - RN i . S E 10: = 0.55_ _E -
5 206434 1--ii N S % OTI 1-| cle e b e b e b by ey T . 1 PRI .’l"l"l PRI PRI RN I paradlgms_!
o : £ 2020 2022 2024 2026 2028 2030 2032 2034 2020 2022 2024 2026 2028 2030 2032 2034
1.0E+34 - . 2 Year Year
B R - New software based on declarative
R e one mescscemssunay . . .
programming and interactive
workflows;

Higher rates of collision events c’ Higher demand for computing and storage resources Distributed computing on
geographically separated

resources
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High throughput data analysis platform
4 I High Rate platform

After connecting to an entrypoint URL, the user reaches a
Jupyterhub instance that, after authentication and
authorization via INDIGO-IAM, allocates the required

Deployment ™~

The deployment of the Kubernetes resources needed

@ for the spawning of this platform, is handled via

I HELM charts available in the GitHub organization.
. Jupyterhub . EY
- User Interface N\ <E 4 HELM

The user interface is based on Jupyterlab, customised A
with specific plugins for specific purposes (e.g. Dask).

* test_Zeeliphris . N wedete_sset imynd

) 000

, . >~
Qesources for the user’'s working area <’ NEN o amn®

This allows a seamless, flexible, scalable and
fault-tolerant deployment on the available resources,
\ with a limited impact on the admin’s work time )

" L ©  Pyhen 3 (grhaered)
l ¢ C_Sistributes B EEFE N

| Chant

multi-tenant

Conrmction mathad ( owler sdysct CIUster tyPe T0ah ki errenns. K bed d i
Oashbeard ~ 1= \scncirin-srhmiuber Leac-s=ona® o A8 T euvue

000 000 e0Ce

» Cluster Info
[ KubeCluster pel g ——
Daskmoad » " ) ) .’ Warhers W < .' .' .’
Secyl thweads: 100 ot meenory: 200 00 e
« Scheduler Info __Jupyter —_ Jupyter - 8B " Jupyter [ \

j Scheduler
wemanmen m— From the software perspective, interactive/quasi
———— RS- | | P | : interactive analysis is a promising paradigm
© Wt domkio-dafmit werken-O88en2at . , — Dask KubeCluster =, — Dask KubeCluster ~ . .
» Worker: adonotrio-default -worker- 1060af0 181 1 e~ | ll ------------------------------------- \| { \l ] User-fl'lendl\/ enVII'()nment
e e s e et ‘L’docker | g dask gdask 11 wdask sdask |y wdask sdask | > @ Adopting open-source industry standards:
» Worker: adoncfrio-default-worker-26502adaa’ I | | |
: 1 Ly I Dask, Jupyter Notebooks and HTCondor
. . Cy . . . | | . .
The working environment is highly customizable, using ' gdask wdask : !y dask wdask ) dask wdask : e \alidating new frameworks (e.g. ROOT
tailored Docker containers. This is important when X Iy /I \ /l RDataFrame with multi-threading)
\_analyses require specific software (collaboration-wise) / N - - R I - \_ )

The feasibility studies shown in the following slides were initially tested on the INFN Napol
facility (details in back-up) and then migrated to the high throuput platform

ICSC Italian Research Center on High-Performance Computing, Big Data and Quantum Computing Missione 4 ¢ Istruzione e Ricerca
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Selection and histogramming interactively
New approach to data analysis via RDataFrame on JupyterHub

FCCee use-case e

" " Jupyter RDataFrame
ov
= " G G G g - RN oy - Da, Define histograms
== = | b o Gl «.f,“ /ﬂfce profiles

m p-Xx Py p-z eta
“ | o R e M 7 % Z o newROOTfiIes
5w TP e [A::S's?ﬁrggl %%%%

. ik . [ LHCb's MDF ] x = " 7 v ‘
i~ L + ifg dask used as backend

EDM4hep input data format

EDM4hep DataModel Overview (v0.4)
ParticlelD

MCRe ‘ | /
:> gon \ dmr
\oP \r\\(,\e‘f\sxncm\ K
( ) MCRew @\
— @

MCParticle <& MCRecoParticlefissociation P ReconstructedParticle

— | 4

Mee iInvariant mass fit i

atior ;.TrackerHit ‘¢; ng‘ Vertex s — g ZEZ ¢1=-0.01000000 + 0.0000069
ok . Gadig dlecion snery 6] T, S
Monte Carlo it at : D 160 0= 91.125 = 0.045
Raw Data | Digitization Analysis Migma = 2.430 = 0.
flat input ntuples y y p
-+ -+ \
e e )
20 P a1
Qb AL ) ] | L L
]
Z = 1.§§
. s 15
<z e
o o
. . O3E
EC FA presentatlon llnk _ B 84 86 88 90 92 94 96 98

m_ee [GeV], sf_97

github link to the code & Mimic systematic variations: e*e~ energy gaussian smearing

ICSC Italian Research Center on High-Performance Computing, Big Data and Quantum Computing Missione 4 ¢ Istruzione e Ricerca
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https://lss.fnal.gov/archive/2019/conf/fermilab-conf-19-550-scd.pdf
https://agenda.infn.it/event/34841/timetable/?view=standard#45-benchmark-interactive-analy
https://github.com/adonofri/INFN_na_interactive_analysis/blob/main/test_Zee3.ipynb
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Scaling without
changing your code

if distributed == True:

RDataFrame = ROOT.RDF.Experimental.Distributed.Dask.RDataFrame
ROOT.RDF.Experimental.Distributed.initialize(my_initialization_function)

else:
} Serial

RDataFrame = ROOT.RDataFrame
||

my_initialization_function()
. No changes required to the rest of the code

Parallel

df df.Define('w_nominal', '1")
df = df.Define("m_e","0.0005124") #GeV
df_ge = df.Define("goodelectrons", "Particle.charge[@]*Particle.charge[l] < 0.").Filter("goodelectrons > 1")

How to compare the performance?

Time elapsed from the start of the
execution (execution triggered) to
the end of execution

Overall execution time

ICSC Italian Research Center on High-Performance Computing, Big Data and Quantum Computing
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Serial approach

1000 Local client approach,
parallelising on the cores of
750 a-single-machine-with
P n_workers = 2
- 500
250
0

#energy variations

Exploiting the local client approach, the
execution time improves wrt the standard/serial
approach if we iterate over a significative
number of energy variations ( > 10)

Missione 4 ¢ Istruzione e Ricerca
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Preliminary results: distributed cluster

Kubernetes infrastructure: 5+1 virtual machines (5
Kubernetes workers & 1 Kubernetes master) on Open-stack

(W] test_Zee3.ipynb ® [ validate_user.ipynb
B+ XDO » = C » Coe v #  Python 3 (ipykernel) O
I [6]: c_distributed Py & F 8B

[6]: .
Client
D Cli d

ient-39cce58b-9827-11ee-aec4-bb6eedd234e22
Connection met hod: Cluster o bject Cluster type: dask_kubernetes.KubeCluster

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

1 250 - v Cluster Info
Parallelising on the cores of a
] _ ] [:] KubeCluster
single machine with n_workers = 2 s o |
1 000 : : : Dashboard: http://adono frio-scheduler.user-adono frio:8787/status Workers: 10 |
DaSk d IS‘trI buted approach Wlth . Local - - Total threads: 100 Total memory: 200.00 GiB
. - Senal - DIS’[I’IbU’[ed vScheduler Info
— 7509 N_workers =10 # iterations client
‘2' approaCh DaSk [:] SS(;hf(l:ll.l_lgrb 4323-1515-459e-b911-6ff0a78cd0a0
q, D aS k ((::o:'n::et::p:mOa.42.63.173:8786 ) o Workers: 10
g 5 0 O Dashboard: http://10.42.63.173:8787/status Total threads: 100
50 590 s 320 s /5s r Workers
250 D » Worker: adonofrio-default-worker-058ae2a52b
p— D » Worker: adonofrio-default-worker-1060afb181
0 — D » Worker: adonofrio-default-worker-1e2a6feb33

1 OO 1 1 35 S 61 8 S 1 38 S D » 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 WPS infrastructure

ICSC ltalian Research Center on High-Performance Computing, Big Data and Quantum Computing Missione 4 ¢ Istruzione e Ricerca
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ATLAS UuSe-case SUperSYmmetry: Beyond Standard Model theory

=== :
!ﬁﬁﬁ PUBLISHED FOR SISSA BY €) SPRINGER

RECEI : February 3, 2021
Acc . March 3, 2021
PUBLISHED: Apml 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:
Am < mw + mp

Three different analysis in the Run 2 paper, already published, g prodcton T i
. e ~ . ~ > -
according to mass splitting between stop ( t; ) and neutralino (x°1), & 2205 T SRR ey A V. 150
. . : 200:— _imisa ,°o
allowing different decay modes: %2 180E pimie e e
14— ~ ?
£ 160F
§2b0dy_’Am>mt < 140;_

€ 3 body = mw + mp < Am < my A .. ...
( $ 4 body, the one picked up = Am < mw + mp | b o s NS SUBEP 04 (2021) 165
Common final state signature: 2 OS leptons (electrons/muons), jets and 5w e

N R R R RS
missing transverse energy 300 400 500 600 700 800
m(t,) [GeV] 10

[°6] @njeA s paloadx3 Juasaiday siaquinN Aain

Cut & Count based approach

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

— kimmin —
S S al DAOD |.
e Provided by the Collaboration | '~ |reduction]| :
e Offline reconstruction : *)
e O(PB) for data and MC
Sanity check

 Weighted number of events in the Wt background sample, after '

' the event selection cuts in si

gnal regions A and B, nominal case

|
|
|
i hWtNom_Stop4b_SRA_obs_cuts hWtNom_Stop4b_SRB_obs_cuts .
I ¢ ) _obs_cuts om_¢ b_SRB_obs_cuts
[%2] [%2]
1 = - Entries 25 = - Entries 214 1
% 0.38— Mean 1 % 29— Mean 1 I
| 5 B Std Dev 0 S - Std Dev 0
= - ' = 2851 ' 1
I3 oss— —E— Parallel with distbuted dask g -
1 E o E - —E— Parallel with distributed dask |
c = ——— Serial approach £ 28
1 3 0.34|— o - —_ Serial approach
S C 5 275
] = =) =
§ B %’ -
| 0.32= 7= o
I - = 1
[ 03— 265 1
i B 26 !
[ 0.28 — E I
[ B 2.55— I
0.26— C
| L - |
25
I 111 | 111 | 111 | 111 | 111 | 111 | | I | | 111 | 111 | 111 _I | | | 111 | 111 | 111 | 111 | 111 | 111 | | I | | 111 | 111 l
05 06 07 08 09 1 1.1 1.2 1.3 1.4 1.5 05 06 07 08 09 1 1.1 1.2 1.3 1.4 1.5
a.
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Slimming

e Removal of object quantities

e New variable definitions

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

—Event Selection

e Region definitions
e Nominal yields

e Systematic variations

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

Slimming

ATLAS 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 background sample
~ 1.8 GB copied to the INFN workspace

Tested nominal case and playing with syst. variations
Code ready to play with other backgrounds

ICSC Italian Research Center on High-Performance Computing, Big Data and Quantum Computing

11

Missione 4 ¢ Istruzione e Ricerca



Finanziato #%3%, Ministero

dall'Unione europea A% dell'Universita Itdhadomdnl
NextGenerationEU 5¢2 e della Ricerca .

Preliminary results

z 1000 .......................................................................................................... D ................................. D .....
_“é E —e— Serial
N —
Time elapsed from the start of o | —+— Distributed cluster
Overall Hon ti the execution (execution T
verail execution time triggered) to the end of -
execution 400 IO OO O U O T O TS U T O OO
Exploiting the distributed approach, the 2001_ ___________________________________________________________________________________________________________________________________________ -
execution time improves wrt the standard/ i . v '
Serial approach if We iterate Over a O_:. ................................ 8 ................................. 8 ............................... 8 ................................. 8 .....
significative number of systematic variations
(each step in the x-axis includes previous : g
contributions)
12
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Scheduler and Working Nodes Reports

Connecting to working nodes

Dask Performance Report
Out of 9 worker nodes, we get up to 4% CPU occupancy
Select different tabs on the top for additional information 100
. on each worker node
g 80 C :
Duration: 252.87 s » Limited CPU consumption due to the easy cut&count
‘i) min: 0.0% .
. 40 F max: 129.4% OperathnS
Tasks Information mpan: 19.5% ‘o Utilizzo della CPU per ogni worker
* number of tasks: 621
e compute time: 118.06 s 3.5 -
» deserialize time: 2.39 s
_Memory 3.0 A
'Scheduler Information 2a0m 3 S 5
. Address: tcp://127.0.0.1:43821 o 5
* Workers: 2 S tdcm g §
e Threads: 2 953.7MIB _f.min: 539.38 MiB § 1.5 -
« Memory: 4.39 GiB e 05 OB
« Dask Version: 2022.11.0 | e 1.0 -
e Dask.Distributed Version: 2022.11.0 0.0 1+ a
| 30s 35s | 0.5
0.0

Worker 1 3

ICSC ltalian Research Center on High-Performance Computing, Big Data and Quantum Computing Missione 4 ¢ Istruzione e Ricerca
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ATLAS use-case Anomaly detection in di-boson searches

o | | with fully hadronic final state
Anomaly Detection in fully hadronic events with

message passing based Graph Neural Netwoks (GNNSs) G%MMEB
Final goal: LHC Run 3 fully hadronic search 1= %essagw
& Completely model agnostic, 2 large-R jets per event - o
& Signal region based on Anomaly Score cut

TARGET NODE Message B

1

Graphs representing the final states jets, with 2 pT | l @ eeeD
leading jets per event, built from transformed Z/ Message D
constituents INPUT GRAPH (ET)
Analysis performed by the Napoli ATLAS group in
collaboration with Rome “La Sapienza” ATLAS group Analysis strategy

@ My personal contributions: 0

@ Data pre-processing with parallel approach, crucial to

| reduce the computational time

. & Performance evaluated on IBISCO cluster:

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

Inputs:
& ATLAS Run 3 simulations for signal and background (already skimmed samples ~ hundreds of MB)

Physics objects:
calorimetric jets

Input Message Passing Graphs embeddings MSE loss
features

main GNN architecture required for MSE loss

e Working on the input step: creating a graph with the (40) jets

constituents: prt, n, ¢ & evaluate isomorphism between graphs .

ICSC ltalian Research Center on High-Performance Computing, Big Data and Quantum Computing Missione 4 ¢ Istruzione e Ricerca
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Create Graph Dataset

Initial issue: graph creation was time consuming and computationally expensive ~ 20 minutes for a 17k events dataset
Task: parallelise the graph creation step to reduce the execution time

Performed on CPUs (max 128 nodes available on IBISCO, both ibisco-gpu02 & ibisco-ui exploited)

& pandas & RDataFrame used

& from joblib import Parallel, delayed

& results = Parallel(n_jobs=self.num_cores, backend="multiprocessing")

To do: test the parallel
approach on kubecluster and

(delayed(self.createGraph)(chunk)for chunk in chunks) compare performance of
Input: signal sample (~17k events) IBISCO vs virtual machines
# nodes #ehunks execution time Input: background sample (~434k events)
60 10 5.8 minutes # nodes #chunks execution time
o0 100 2.5 minutes 60 1000 40 minutes
o0 1000 2 minutes 120 1000 20 minutes
120 1000 1 minute 16
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Isomorphism between Graphs

Analogous issue, task, and setup as in the previous slide
Issue: initial execution time for isomorphism evaluation ~ 10 minutes for a input dataset with 500 entries

* A graph kernel is a symmetric, positive semidefinite function on the set of graphs G.
* k:GXG->R ¢:G->H k(G,G)= (gb(G,;),c/)(Gj))H (,)y is the inner product in the Hilbert space

# nodes #chunks execution time

120 1000 1.12 minutes

17
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ATLAS use-case lli . on
Columnar analysis implementation in CP tools

Effort just started

My personal contribution: mainly coordinating the Electrons = Muons
inclusion of the columnar analysis in the EGamma
Calibration software

Goal: evaluate computing performance on INFN clusters

Matthias Vigl (QT)
7)) P I S e [ D B N N P NN DN N B NN DN D T RN N N DN LN O TIC TR o o N I B Da e mm =
T - ATLAS Simulation Internal / i
o 200 Vs =13 Tev ~
@) L / :
, i Raw mc ’
+<1> 150 Nominal 7% =
() " w Syst variation :
© ¥ / Z
e 100[— ]
o :
2 50 ; - Example to implement and improve: Zee
r el -
Cammnpnt® T e T demonstrator
~ 1.9 117 T
8 © 5: I
=|.S C | - 1 |H
gg 1.0 Til=ls = = = -
c;ug HE RN | | -
0% 75 80 8 90 95 100 105 110
Dilepton Mass [GeV] 18
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International and Regional Conferences

ECFA 2023 talk —> delivered, link

ICHEP 2024 poster —> delivered, link

CHEP 2024 —> abstract submitted, accepted as a talk /ink
SIF 2024 —> abstract submitted, accepted as a talk /ink

Presentations in Spoke 2 and WP2/5 Meetings

Spoke 2 annual meeting talk: /ink
Talks at WP2: link, link,
Talks at WP5: link, link

20
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https://agenda.infn.it/event/34841/timetable/?view=standard#45-benchmark-interactive-analy
https://indico.cern.ch/event/1291157/timetable/?view=standard#606-benchmarking-distributed-i
https://indico.cern.ch/event/1338689/contributions/6010647/
https://2024.congresso.sif.it/talk/566
https://agenda.infn.it/event/38374/timetable/?view=standard#41-benchmark-interactive-analy
https://agenda.infn.it/event/41377/#6-update-on-interactive-analys
https://agenda.infn.it/event/38794/#4-report-from-napoli
https://agenda.infn.it/event/40708/#7-updates-from-naples
https://agenda.infn.it/event/37783/#6-use-case-and-test-for-the-an
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INFN - ICSC schools and courses attended

— T attended two INFN trainings for newly hired personnel at Frascati INFN laborato-
ries, focussed on the INFN organisation and computing infrastructure (May 2024).

— I attended the INFN Introductory course to HLS (High-Level Synthesis) FPGA pro-
gramming, promoted in the framework of the ICSC project (Nov. 2023).

— I attended and I successfully completed the individual project of the school SOSC
2023 Fifth International School on Open Science Cloud, focussing on Computing
Models for Scientific Experiments (Oct. 2023).

— I attended the INFN First course about the porting on GPUs of code and algorithms,
promoted by the ICSC project (June 2023).

Public Engagement

Ansa ICSC link
Futuro Remoto @ citta della scienza, HEPSCAPE room
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https://agenda.infn.it/event/36074/
https://www.ansa.it/canale_scienza/notizie/biotech/2024/03/08/dal-bosone-di-higgs-alle-polizze-auto-il-supercacolo-applicato-alla-vita_e501b40c-a06e-4ee0-be9c-d73a31409b5b.html
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Conclusions & Next Steps

Interactive analyses feasibility studies on the local testbed infrastructure & on INFN cloud
succeeded
& Performance evaluated using Dask on the local cluster or distributed, wrt original implementation
Very productive collaboration with other work packages
= 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:
& Automate the high throughput data analysis deployment exploiting the ICSC computing resources
& Evaluate scalability and simultaneous performance with increasing number of workers
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Back-up
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Playground infrastructure at Naples (INFN)

Our group developed a local testbed infrastructure in INFN Naples (ltaly)

The local deployment is based on the Open-Stack laaS paradigm

Starting from the already existing LBi.S.CO installation, several updates were performed

The cluster is made up of 2 identical virtual machines, each equipped with 1CPU quadCore and
8GB RAM, currently expanded up to 12 cores and 64GB

Rocky Linux 8.6 is the operating system

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

& One node plays as controlplane. etcf & worker; the other node acts as a plain worker

The cluster is equipped with JupyterHub & JupyterLAB where the user can play with Python,
ROOT & Dask libraries

25
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High throughput data analysis platform

Goal: provide the users with an infrastructure that represents a tradeoff between deployment speed-
flexibility, resource efficiency and service performance

Solution being tested: the use of container technology (via Docker 20.10) that runs the
applications and the Kubernetes tool for orchestration

Local testbed infrastructure provides 6 nodes, orchestrated via Kubernetes (1.26.3):

... 5 nodes play ()

1 node plays ' - )

master role — Worker worker role g

node =

— O

m\l

v

b

The Master node coordinates and The Worker nodes represent the =

manages the entire Kubernetes nodes of the cluster where containers =y
infrastructure. It includes the API are executed. Each one hosts the
Server, the Controller Manager, the Kubelet,  Kube-proxy — and  the
Scheduler. and etcd. containers, providing the actual

| computational capacity of the cluster. 26
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Efficient & user friendly infrastructure

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

MinlO Jupyter Dask
An object storage instance The JupyterLAB environment A python library to scale python
where users can store data allows users to exploit data code from multi-core local
science python libraries and to machines to large distributed
oBJECTSTORE (R scale them over the cluster clusters in the cloud
Tl e e
= el Eﬁ = Jupyter interface includes:
& foravili 0 0.08B R s _ Te rm i n aI
; | - Notebook implementation
| & Completely exportable and
_ | S = o replicable
Gianluca’s presentation /ink = M A& m P
ra | | voarie | | sansounre | | pomens 27
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Simple test

Simulation exploited:
& 5k events, scaled to 1M events replicating the available dataset

¢ Idea: mimic systematic varlatlons gaussian smearing the electrons energy to compute Mee resolution
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github link to the code . .
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https://github.com/adonofri/INFN_na_interactive_analysis/blob/main/test_Zee3.ipynb
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Towards a Dask + HTCondor model

800 1250

Parallelising on the cores of a
600 —Single machine with n_workers = 2
Dask + HTCondor approach with

Parallelising on the cores of a
1000 -Single machine with n_workers = 2
Dask + HTCondor approach with
250 .N_workers = 10

@ n_workers = 10 )
aEJ 400 aEJ
= = 500
#energy variations #energy variations

Exploiting the distributed approach, the execution time halves wrt the local approach
Moving to a Dask+HTCondor model, we gain up to another factor 2

& Increasing the number of workers, the execution time further improves oo

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



