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Attivita svolta (NN

Mandato WG Computing Model:

e cosa intendiamo con CM:

v

Istituto Nazionale di Fisica Nucleare

termine generico per indicare I'attivita di calcolo di un esperimento/progetto

 principali attivita previste WG CM:

v

v
v
v
v

indagine su/confronto delle attivita di calcolo delle CSN

analisi dell’evoluzione dei CM dei principali esperimenti

studio e indirizzo dei CM di nuovi esperimenti

supporto e guida a esperimenti con CM in formazione o “deboli”
supporto ai referaggi

* interazione con il WG Infrastruttura:

v
v

si verifica I'adattabilita dei CM all’'infrastruttura di calcolo
si studiano le soluzioni piu efficaci per gli esperimenti
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Attivita svolta (NN

Organizzazione iniziale WG CM:

 definita nel 2022 in un GdL ristretto (https://agenda.infn.it/event/31644/):

v' Rappresentanti CSN e altri membri C3SN:

DE (CSN3), Daniele Bonacorsi (CSN1), Giovanni Mazzitelli (CSN2), Leonardo

Giusti (CSN4), Alessandra Retico (CSN5), Tommaso Boccali, Concezio Bozzi,
Claudio Grandi

« argomenti principali:
v di cosa deve occuparsi il WG CM

v'con quali persone
v con quali obiettivi e schema di lavoro (e tempistica)

« presentazione avvio WG CM al forum del calcolo Ottobre 2022:
v' https://agenda.infn.it/event/32419/

Domenico Elia Riunione C3SN / Bologna 3.7.2024 3


https://agenda.infn.it/event/31644/
https://agenda.infn.it/event/32419/

Attivita svolta (NN

Composizione WG CM:

CSN1: D. Bonacorsi, A. Perrotta, L. Carminati (ATLAS), D. Spiga (CMS), L. Anderlini (LHCDb)

CSN2: G. Mazzitelli, M. Duranti, F. Di Pierro (CTA), S. Bagnasco (ET, Virgo), M. Tenti (DUNE, EUCLID)
CSN3: DE, S. Pirrone, F. Noferini (ALICE), A. Bressan (EIC), M. Contalbrigo (JLAB12), G. Benzoni
(GAMMA)

CSN4: L. Giusti, L. Cosmai (Lattice QCD), M. Lattanzi (Astro/Cosmologia), C. Carloni Calamo
(Fenomenologia), G. Maria de Divitiis (Lattice QCD)

CSNS5: A. Retico, A. Lonardo, B. Golosio

Altri membri (infrastruttura, referaggi, Tier-1, INFN-Cloud, CRSG etc):
T. Boccali, C. Bozzi, G. Carlino, D. Cesini, A. De Salvo, G. Donvito, C. Grandi, D. Salomoni

Mailing list: cnc-wg-computingmodel@lists.infn.it

Indico: https://agenda.infn.it/cateqory/1741/
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Attivita svolta (NN

Diversi scambi, due aspetti principalmente:

« sondaggio attivita di calcolo:

v’ idea mutuata da sondaggio CSN2, vedi Giovanni M @CSN3 17.5.2022
https://agenda.infn.it/event/31470/contributions/171783/attachments/90819/122561/AP%20C3SN.pdf
v adattato e sottoposto a tutte le CSN nel corso del 2023

= esito informativo, resta necessario approcciare singoli casi notevoli

» necessario iniziare ad attenzionare casi specifici (punto successivo)

« approccio preliminare ad alcuni progetti:

v' esempi selezionati di CM in evoluzione, in formazione, in prospettiva
v riunione WG CM con esperimenti a novembre 2023:
https://agenda.infn.it/event/38277/
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Esito sondaggio calcolo @

Istituto Nazionale di Fisica Nucleare

Cosa si e chiesto e a chi:

« esteso a tutti gli esperimenti/progetti delle 5 CSN:

v' proposta di quesiti adattata a una certa varieta di target, non proprio banale ...
v validato dai sottogruppi WG CM delle diverse CSN

* quale tipo di quesito:
v stabilita, prospettive di evoluzione, formazione CM (breve-medio-lungo termine)
v’ risorse utilizzate, pledge, evoluzione breve-medio termine, modi di utilizzo etc
v preferito il quantitativo ma alcune richieste necessariamente a testo libero
—> oltre 70 quesiti (ma non tutto per tutti ...)
- le informazioni raccolte richiedono analisi e approfondimenti specifici
—> qualcosa abbiamo provato a tirar fuori (prossime slide)

Domenico Elia Riunione C3SN / Bologna 3.7.2024 6



Esito sondaggio calcolo INFN

Istituto Nazionale di Fisica Nucleare

Cosa si e chiesto e a chi: https://forms.gle/d1fbLwxqiAVETYTz9

INFN Computing survey hieps:l/d _OMQ_r

* risposte:

INFN Computing survey

v'da 70 esperimenti/progetti dalle 5 CSN
v'una serie di plot e statistiche (grazie a Giovanni M): e

« https://qithub.com/gmazzitelli/GSN2/blob/master/IFNFCM.ipynb

« https://docs.google.com/forms/d/1_ 0MQ r9uKk0ajw3xB870Z1r9ibUeAVDv 7 Epetmentorpokcinte

L-2u2WemGsl/edit?no_redirect#responses

3. Scientific Committee *
Contrassegna solo un ovale.

CSN1
CSN2

Scientific Committee

csNg
CSN2 CSN4
csNs
Other (AC, Sl etc)

4. Data taking/production timeline
Contrassegna solo un ovale.

Currently in data taking/production

) Start
tarting within 2-5 yea
CSN1
tarting in >5 years
CSN3 Tof24

CSN4
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Esito sondaggio calcolo INFN

Istituto Nazionale di Fisica Nucleare

Data taking/production timeline
66 risposte

@ Currently in data taking/production
@ Starting in <2 years
@ Starting within 2-5 years

. @ Starting in >5 years
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Esito sondaggio calcolo INFN

Istituto Nazionale di Fisica Nucleare

Computing model evolution
69 risposte

@ Currently defined and stable

@ Currently defined and in evolution in the
next <2 years

@ Currently defined and in evolution within
the next 2-5 years

@ Being defined in <2 years
@ Being defined within 2-5 years
@ Being defined in >5 years
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Esito sondaggio calcolo INF

Scientific Committee CSN3

Currently defined and stable

Currently defined and in evolution within the next 2-5 years

Being defined within 2-5 years

Currently defined and in evolution in the next <2 years

Being defined in <2 years

Scientific Committee CSN1

Currently defined and in evolution within the next 2-5 years

Currently defined and stable

Scientific Committee CSN2

Currently defined and in evolution in the next <2 years

Currently defined and in evolution within the next 2-5 years

Being defined in <2 years

Currently defined and stable

Domenico Elia

Being defined within 2-5 years

Istituto Nazionale di Fisica Nucleare

Scientific Committee CSN4

Currently defined and stable

Currently defined and in evolution within the next 2-5 years

Currently defined and in evolution in the next <2 years

Scientific Committee CSN5

Currently defined and in evolution in the next <2 years

Currently defined and stable Being defined in <2 years
Being defined within 2-5 years

Currently defined and in evolution within the next 2-5 years
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Esito sondaggio calcolo INFN

Istituto Nazionale di Fisica Nucleare
Real Data size

67 risposte
@ No Real Data
@ 10-100kB
100kB-1MB
20,9% o
@ 1VB-10MB
@ >10MB
Metadata/calibrations/slow-control
61 risposte
28,4%
Metadata 34 (55,7%)
Calibration data 33 (54,1%)
Slow-control info 29 (47,5%)
MC Data size
66 risposte Other 17 (27,9%)

@ No MC Data 0 10 20 30 40
@ 10-100kB

@ 100kB-1MB

@ 1MB-10MB

@ >10MB
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Esito sondaggio calcolo

CPU - total amount ()
66 risposte

@ No CPU Pledge
@ <100HS06

@ 100-1000HS06
@ 1k-10kHS06
@ 10k-100kHS06
@ >100kHS06

CPU - HPC (1)

65 risposte

wm

CPU-HTC

65 risposte

AR
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Istituto Nazionale di Fisica Nucleare

® 0%

@ 1-10%
® 10-30%
@ 30-60%
@ 60-90%
® >90%

® 0%

® 1-10%
® 10-30%
@ 30-60%
@ 60-90%
® >90%
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Esito sondaggio calcolo

CPU pledge expected increase in 2 years

CPU - total amount (Il)

61 risposte

® 0%

® 1-10%
@ 10-30%
@ 30-60%
@ 60-90%
® >90%
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Esito sondaggio calcolo INFN

Istituto Nazionale di Fisica Nucleare

Storage - size (1)
68 risposte

@ No Disk Storage Pledge
® <1TB

© 1-100TB

@ 100TB-1PB

@ 1-10PB

® >10PB

disk pledge expected increase in 2 years

Storage - size (Il)
63 risposte

® 0%

® 1-10%
® 10-30%
@ 30-60%
@ 60-90%
® >90%
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Esito sondaggio calcolo @

Istituto Nazionale di Fisica Nucleare

Tape - size (1)
64 risposte
@ No Tape Pledge

@ <1TB
© 1-100TB
@ 100TB-1PB
‘ @ 1-10PB
V'

@ >10PB

46,9%

disk pledge expected increase in 2 years

Tape - size (Il)

52 risposte
® 0%
® 1-10%
© 10-30%
@ 30-60%
@ 60-90%

W ® >90%
44,2%
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Esito sondaggio calcolo INFN

Istituto Nazionale di Fisica Nucleare

CPU Storage Tape

No Tape Pledge

1-1007TB

No CPU Pledge
1k-10kHS06

<1TB
R 100TB-1PB >10PB
10k-100kHS06
1-10PB
<1TB
100TB-1PB >10PB
<100HS06 No Disk Storage Pledge

100-1000HS06 1-10P8 1-100T8
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INFN

Istituto Nazionale di Fisica Nucleare

Esito sondaggio calcolo
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INFN

Istituto Nazionale di Fisica Nucleare

Esito sondaggio calcolo
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INFN

Istituto Nazionale di Fisica Nucleare

Esito sondaggio calcolo
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Esito sondaggio calcolo @

Istituto Nazionale di Fisica Nucleare

Qualche commento finale:

 info estesa e ulteriormente analizzabile, qualche messaggio:

v escluso esperimenti LHC (CSN1 e CSN3), che hanno organizzazione del calcolo in
cui i singoli paesi contribuiscono in modo pianificato, per gli esperimenti piu piccoli
grande varieta/disuniformita uso risorse - indice di assenza di linee guida e MOU
dedicati?

v'diversi esperimenti con piu pledge disco che CPU - assenza di partecipazione allo
sviluppo dei modelli di calcolo? Contributi confinati solo a simulazione/analisi?

v' discreta quota di CM in evoluzione - opportunita da sfruttare per orientare nella
giusta direzione, di ottimizzazione della nostra infrastruttura (ma servono linee guida,
competenze, person-power etc)

v infrastruttura (eg cloud e datacloud) da utilizzare per incrementare R&D?
v' pochi usano il tape (probabilmente non hanno un vero CM con raw data) - spazio
per ottimizzare utilizzo e costi, con un buon data management system?
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Riunione con esperiments INFN

Istituto Nazionale di Fisica Nucleare

Indico: https://agenda.infn.it/event/38277/
) pu n‘ti in diSCUSSione Riunione WG Computing Model con esperimenti

Friday 10 Nov 2023, 10:30 — 12:30 Europe/Rome

v' CM gia definito: recap stato attuale e se va incontro a

L[5 — 10:40 Introduzione Q1m &~

modifiche nei prossimi anni B ————
D. Elia- WG Comput.
v CM non ancora definito: stato e prime idee, se e come o2
si sta procedendo nella discussione in collaborazione,
timeline etc R orom @S
. . . . . . ETComputingComp.
v quante risorse e di quale tipologia sono previste nei L _ —
prossimi anni (se CM definito o anche con modifiche o
In COI’SO) 11:40 [SRRPH] ePIC@E.IC O20m &~
v’ quante risorse e di quale tipologia, in quale intervallo
temporale e con quale evoluzione (se CM ancora in =8 = e o=
costruzione ed esistono gia stime)
Estratto da:
HPR HP. D. Elia & A. Bressan, workshop calcolo INFN 2024
(] )
esem p 10 1IN d ettag I 10: https://agenda.infn.it/event/40160/contributions/230202/att
v prime idee CM di ePIC@EIC (prossime inde) achments/119703/175056/Elia_ePIC-CM.pdf
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EIC Accelerator Design Overview

. Design based on existing RHIC Complex; RHIC accelerator chain will
provide EIC Hadrons.

. EIC constructed in Collaboration with JLab

. Hadron storage ring (HSR): 41-275 GeV (based on RHIC)
o upto 1160 bunches, 1A beam current (3x RHIC)
o  bright vertical beam emittance (1.5 nm)
o strong cooling (coherent electron cooling, ERL)
. Electron storage ring (ESR): 2.5-18 GeV (new)
o upto 1160 polarized bunches
o high polarization by continual reinjection from RCS
o large beam current (2.5 A) =» 9 MW SR power
o  superconducting RF cavities
. Rapid cycling synchrotron (RCS): 0.4-18 GeV (new)
o 2 bunches at 1 Hz; spin transparent due to high periodicity
*  High luminosity interaction region(s) (new) S
o superconducting magnets / 7 P ——
o 25 mrad crossing angle with crab cavities A, e 0 i

o  spin rotators (produce longitudinal spin at IP) ﬁﬁ/igﬂg\g ; et NN
/ / // ,// i | [l Ty
Folarized) / ’ ! |l A}

/N
/ N

Electrons

100 meters

L

7
/ /
/ /
/ /
75




A Brief Timeline

e EICUG Yellow Report (2020-21)
. Call for proposals issued jointly by BNL and JLab in March 2021
. Proposals due Dec. 1, 2021: ATHENA, CORE and ECCE proposals submitted
. Public DPAP meetings Dec. 13-15, 2021
. Presentations from proto-collaborations
*  Panel-assigned homework questions
. Second DPAP session Jan. 19-21, 2022

«  DPAP closeout March 8th, 2022 7
. Final report available March 21st, 2022
. ECCE proposal chosen as basis for first EIC detector referet \

. Spring/Summer 2022 — ATHENA and ECCE form joint ieauersiip weain
e  Joint WG’s formed and consolidation process undertaken
*  Coordination with EIC project on development of technical design

*  Collaboration formation process started July, 2022

ePIC Detector schedule

«  First IB Meeting July 18th * To be sited at IP6 (25mr crossing angle)

* Charter writing committee formed and active » Addresses EIC science program as outlined in the EIC white paper
. First ePIC Collaboration meeting July 26-29, 2022
»  ePIC Charter approved Dec. 14th, 2022 and NAS report

. Since 2023: structuring Collaboration, detector sub-system WGs etcWorking towards pre-TDR and CD-2/3A (early to end 2025)
. pre-TDR preparation .
. ongoing discussion on international engagement/agreements *  Construction phase ~2026-2030
* latest RRB in Rome May 6-7, 2024 * Ready for Day-1 EIC operations CD-4A (end 2032)

» Start full science phase CD-4 (end 2034)

ePIC Computing

Domenico Elia & Andrea Bressan
Model -20/5/2024



Compute-Detector Integration to

Maximize Science

Broad ePIC Science Program:
* Plethora of observables, with less distinct topologies where every event is significant.
* High-precision measurements: Reducing systematic uncertainties of paramount importance.
Streaming Readout Capability Due to Moderate Signal Rate:
* Capture every collision signal, including background.
* Event selection using all available detector data for holistic reconstruction:
* Eliminate trigger bias and provide accurate estimation of uncertainties during event selection.
* Streaming background estimates ideal to reduce background and related systematic uncertainties.

Collision species e+petA p+p/A,A+A p+p/A,A+A
Top x-N C.M. energy 140 GeV 510 GeV 13 TeV

Peak x-N luminosity 1034 cm-2 s-1 1032 cm-2 s-1 1034 - 1035cm-2 s-1
x-N cross section 50 pb 40 mb 80 mb

Top collision rate 500 kHz 10 MHz 1-6 GHz

dNcn/dn 0.1-Few ~3 ~6

Charged particle rate 4M Nch/s 60M Ncn/s 30G+ Nch/s



Expected Data Flow

Front End
data
Front End
data

Streaming DAQ

Front End
Front-End dnta

Data 4160 Thps — 10 Tbps

Y

Flow:

Analysis
data

0.1 Tbps

Physics Analysis




ePIC Streaming Computing Model

Four Tiers:
. vert] 74
Echelon 0: ePIC Experiment Hemsinismon Echelon 1
(host labs)
Echelon 1: Host Labs Home Institution

Echelon 2: Global processing and data facilities, =~ Home nstitution
includes HPC and HTC resources.

Home Institution

Echelon 3: Home institute computing

- o o = = ——

Echelon 3

global processing and storage

Initial version of a plan set to develop over the next decade.

Home Institution

Home Institution

Home Institution

Home Institution

Echelon 3



Use Case to Echelon Mapping

Echelon 0: ePIC Experiment
Echelon 1: Host Labs

Echelon 2: Global processing and data facilities
Echelon 3: Home institute computing

T e e o e i

Stored Data Streaming and Monitoring
Alignment and Calibration v
Prompt Reconstruction
First Full Reconstruction
Reprocessing
Simulation

Analysis

NSNS NN
NENENENERS

Modeling and Digital Twin



Organization & Governance

* The Institute aims to provide

efficient support to the EIC ECC

while acknowledging ECSAC EIC Computing Council
. . . EIC Computing & Software

organizational differences Advisory Committee

BNL & JLAB mgt
at the two labs. ePIC spokesperson

» The proposed governance
model ensures that EIC
experiments are well ECSJI
supported in matters of EIC Project ¢ | _EiCComputingand

. Software Joint Institute
computing and software, the
Institute’s performance is : E'CO, -

. . . EIC International Computing Organization
monitored, and reporting is
Clearly deﬂned MB: ECSJI, Experiments, Resource providers

The proposed governance structure is composed of two central bodies, designed
to facilitate communication, coordination, escalation of issues, and conflict resolution.



Echelon 2: Global ePIC Computing

* ePICis an international collaboration and so is its computing:

* Echelon 2 includes global resources contributed by collaborating institutions.
* Achieving scientific goals relies on effectively using Echelon 2's resources.
Design of computing model aims for effective integration and management.
Echelon 2 resources must have MOUs specifying service requirements.

These MOUs assure technical compatibility with the ePIC computing model.

ePIC commiits to facility integration and robust testing/validation, includes
monitoring and diagnostics.

* Connectivity
* Echelon 2 sites connect equally to both Echelon 1 Host Labs.

e Connection is ultimately through ESnet network backbone.



Today LHC Experiments at CNAF

Today level of support of for LHC
experiment

e 10 MHS days for ALICE, ATLAS and
CMS, i.e 30 = 35 k logical cores

» About 20 PB increase/year for ALICE,
ATLAS and CMS

* About 6-7 PB increase/year for
ALICE, ATLAS and CMS

HL-LHC will scale previous
numbers in 10 years by

e ~X10 for CPUs

e ~X5 for DISKs

e ~X10 for TAPE

As upper bound and assuming a
pure FTE scaling, the amount of
investments that one may
foresee at CNAF and other IT
centers are:
20 = 30 k logical cores or running
job
About 20 PB of storage/year
About 5 PB of disk per year

A larger amount of IT resources
(not just scaling with FTE) might
be part of specific in-kind
contribution (TBD)




Expressed desires for CM Requirements

INFN Computing Centers are sites of WLCG, build on for and driven by
the LHC community

Accounting, virtual organizations, certificates (or future tokens) as well as
GRID tools are elements of WLGC

Present WLCG organization foresees 1/3 of resources for TIERO, 1/3 for

TIERs1 and 1/3 for TIERs2. A CM that include replicas/reconstruction
outside Echelonl will be relevant (maybe mandatory) for International

Institutions

The ePIC CM adopting these tools will have a positive relevant impact for
the possible INFN contribution to computing



Perspective

e ePICis progressing in developing its Computing Model

 Still a lot to be defined also on Organization & Governance, gathering
inputs from International Funding Agencies currently ongoing

* The level of possible support anticipated from Italy (as well as from
Canada and United Kingdom as of now) is not a commitment, but it is
based on “reasonable” expectations, while discussions are ongoing

* The choices made while developing the ePIC Computing Model may help
members of the International community in the negotiation with their
Funding Agency
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» Brookhaven National Laboratory (BNL) and Thomas Jefferson National Accelerator
Facility (JLab), as Electron-lon Collider host labs, are creating a joint structure, the EIC
Computing and Software Joint Institute (ECSJI), incorporating parts of BNL and JLab
facilities to support the EIC and computing and software needs and activities.

« ECSJI will leverage complementary expertise at the two labs and provide needed
visibility to the respective lab management and stakeholders. The advantages of such a
structure also include increased reliability and availability of resources for the ePIC

collaboration.

» The success of the EIC, an international scientific endeavor, will benefit from
contributions from international partners towards its computing effort.

» To facilitate efficient coordination, the Institute will administer the EIC International
Computing Organization (EICO), which will include all the contributors to the computing
effort.
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The Institute will provide for EIC computing and software matters:
1) Asingle entity to interface with the EIC project and the ePIC collaboration.

2) Maintenance of service level agreements and statements of work outlining the host
labs’ contribution to the ePIC collaboration concerning computing resources, services,
and personnel assigned to work on ePIC computing and software deliverables.

3) A coordinating body for interacting with international partners, providing computing
resources as in-kind contributions, including:

— Assessing resources.
—Managing the MOUs with the sites delivering resources (including service levels).
— Facilitating and assessing the delivery against the MOUs.

4) Execution of host lab responsibilities.



Institute management

« Composition: Management will comprise two co-directors, each nominated by one
lab. The co-directors are currently Eric Lancon (BNL) and Amber Boehnlein (JLab).

* Reporting: The Institute’s management will report jointly to host lab management.

* Duties and accountability:

—The management will be responsible for organizing the Institute to deliver on the
previously defined responsibilities.

—The management will maintain a multi-year operation plan for the host labs, providing
matrixed staff members to support activities.

— Institute management will provide a yearly report to the host labs’ management.



RAW DATA mirroring for HL-LHC

e At HL-LHC, both the ATLAS and CMS experiments will produce ~350 PB
of RAW data per year.

* The traffic from CERN to the T1s for RAW data quasi real time export will
be ~400 Gbps per experiment (7M seconds of LHC data taking per year).

e + ~100 Gbps needed for other data formats

 The data at the T1 needs to be staged from tape and exported to the T2s
for processing (assuming most of that processing happens outside the
T1). This fix the need of T1-T2 bandwidth



Main drivers for the next 10 years of SC

* Infrastructure

Renew infrastructures to be ready
for the High Luminosity-LHC (HL-
LHC) era, up to ~2035 or more

Use more compact computing
(from today’s ~20 kW/rack to 80 or
more)

Lower the PUE (power usage
effectiveness), be greener

Extend and expand networking for a
future-proof infrastructure

Foster and simplify the utilization of
more viable technologies (Eur/task or
J/task), like GPUs, FPGA, ... down to

Quantum when available

Be more efficient, elastic and resilient
Pervasive use of geographically
distributed storage (“the datalake”)

Abstract from physical machines, and
form a national pool of resources and
services (“the Cloud”)

Extend elastically to external providers
such as HPC@CINECA or other cloud
providers (via “dynamic federations”)



Today LHC experiments at CNAF

- About 6-7 PB increase/year for
ALICE, ATLAS and CMS

IT-INFN-CNAF: Disk Used Plot
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«  Estimate for ePIC: 50 + 10 FTEs

ePIC Computing
Model -20/5/2024



ePIC running TODAY with 50 FTEs

* |F ePIC was running today, assuming a level of support comparable to LHC
experiments (as upper bound) and assuming a pure FTE scaling, the amount of
investments that one may foresee at CNAF and other IT centers are:

e About 3000 (virtual)COREs or running job
» About 2 PB of storage/year
e About 0.5 PB of disk per year

* HL-LHC will scale previous numbers in 10 years by (with some uncertainties)
e ~X10 for CPUs
 ~X5 for DISKs
e ~X10 for TAPE
* A larger amount of IT resources (not just scaling with FTE) might be part of
specific in-kind contribution (TBD)



