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High-Luminosity LHC Schedule
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SPRACE Computing Power Evolution
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CMS HL-LHC Resource Projections
60000» T T I T T T T T T T T
—_ . CMS Public Jromm s
- Total CP =
g 50000+ Ot2a020 esl:gimates .(/’
@ —8— Rund: 200PU and 275fb~!/yr, 7.5 kHz, no on-going R&D included ,’
?‘ I -®- Rund: 200PU and 500fb~!/yr, 10 kHz, no on-going R&D included )
8 40000 — == = 10 to 20% annual resource increase H
T
fﬂBOOOO_
2 .
5 20000+ _
ﬁz 10000

I I
2020 2022 2024 2026 2028

Year




CHF/HSO06 Future Projections

Price / performance evolution of installed CPU servers (CERN) v8 Jan 2021
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Machine Learning in HEP: Jet Generation

Generative Adversarial Networks (GANSs)
] Generator + discriminator in tandem
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Machine Learning in HEP: Jet Generation

Hadronic jets
O As calorimeter images
= Convolutional NNs

= But: sparse and unordered
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Machine Learning in HEP: Jet Generation

O As point-cloud-style datasets
= Graph NNs

= But: physics features and
variable particle number




Machine Learning in HEP: Jet Generation

Generator

Number of particles
randomly samples from real
distribution N = Z masks Sa

Discriminator

Real Particle
Cloud ~

Generated —
Particle Cloud

Message Passing GAN (MPGAN)
Q Outperforms point cloud GANs

O https://arxiv.org/abs/2106.11535



https://arxiv.org/abs/2106.11535

Machine Learning in HEP: Tracking

One of the most challenging HL-
LHC computing tasks
U Exponential complexity with ny.
O Track-ML challenge in 2018




Machine Learning in HEP: Tracking
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Joining efforts with Exa.TrkX
(J Geometric Deep Learning
= Metric learning
= (Attention) Graph NNs
U https://arxiv.org/abs/2103.06995



https://arxiv.org/abs/2103.06995

Heterogeneous Computing

Prototype: Phase-2 CMS HLT
O https://cds.cern.ch/record/2766559
O 37.3 MHS06 farm (PU = 200)
O Process events at 750 kHz
O High efficiency, low output rate
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https://cds.cern.ch/record/2766559

Heterogeneous Computing
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Heterogeneous Computing
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Networking — LHCONE

Private network connecting LHCONE services

Tierls and Tier2s: O L3VPN (VRF): routed Virtual
Private Network — operational

O P2P: dedicated, bandwidth
guaranteed, point-to-point
links — in development

[ Serving any LHC sites according to their
needs and allowing them to grow

1 Model: sharing the cost and

use of expensive resources o .
P O Monitoring: monitoring

U A collaborative effort among Research infrastructure — operational
& Education
Network Providers
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NCC — NAP Network Connection

UNESP Center for Scientific Computing Academic Network of Sao Paulo - REDNESP (@ Equinix SP4*)
Padtec Padtec
Flexponder Flexponder

CH27
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Conclusions and Outlook

The HL-LHC represents a monumental step in computing

O Similar to the Tevatron = LHC jump
O Computing power evolution alone will not save us

Two approaches to Research and Development

O Machine Learning
U Heterogeneous computing

SPRACE will be part of the HL-LHC computing era
1 Upgrades foreseen for 2021, 2023 — and beyond.
O Involvement in R&D activities




Computacao no SPRACE na era do HL-LHC

Infrastrutura de Computacao

Upgrade (Storage + WNs) 2021: (92k + 150k) =
Upgrade (Storage + WNs) 2023: (92k + 150k) =
Instalacdo de GPUs na Tier-2:

Upgrade para HL-LHC (2026):

Upgrade para HL-LHC (2031):

Infrastrutura do datacenter:

P&D para Computacao
O MLTT-V: 2020-2025:
O HetComp TT-V: 2020-2025:
O MLTT-V: 2026-2027
O HetComp TT-V: 2026-2027

Cluster de Desenvolvimento
Q 2 servidores, 8 GPUs:
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242k USD
242k USD
108k USD
242k USD
242k USD

40k USD

178k BRL
178k BRL
178k BRL
178k BRL

59k USD

Azul: previsto no
Projeto Tematico
FAPESP 2018/25225-9

Vermelho:
ainda nao custeado



