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Outlook

Computing (sw & data analysis) as a 1st class citizen in scientific collab. and institutions

— Incentive to contribute to computing, as compared to detector constr./ops.
— s/wdev. as an intellectual activity - Career path for Research Software Engineers

Extraordinarily dynamic environment

— Massive investments from industry - lots of innovation, short cycles
— Fierce competition for talent

Sustainability through Collaboration: ECFA - APPEC - NuPPEC, and beyond
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Digital Infrastructure as integral part of Scientific
Instrumentation

Scientific Instrumentation

digital infrastructure
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HL-LHC Future computing needs

50

40

30

Annual CPU Consumption [MHSO06years]

02020 2022 2024 2026 2028 2030 2032 2034 2036

Run 3 (u=55) Run 4 (u=88-140) Run 5 (u=165-200)

N | | LI T L | T | LR LI | LI | T

— ATLASPrehmmary
— 2022 Computing Model - CPU

»

|lll|ll|ll|

e Conservative R&D
v Aggressive R&D

— Sustained budget model s
(+10% +20% capacity/year) >

‘\
e,
[l

4

IIIIIIIIIIIII'IIIIIII

IIlllllIIl

Source: CERN-LHCC-2022-005 report
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10x more data, 10x more complexity

Conservative scenario: current
personpower and expertise
maintained.

Aggressive scenario: increase
personpower and expertise.

Black lines: +10-20% yearly capacity
increase, assumed in flat-budget
scenario.
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http://cds.cern.ch/record/2802918/

R&D for reducing resource needs

Substantial part of current R&D efforts towards porting code to specialized hw (eg GPUs)

— Generators - up to 20% of CPU budget
— Simulation - fast simulations using ML techniques
— Reconstruction (80% of cpu budget for CMS) - offloading parts of the reconstruction

to GPUs

Data management

— Contain disk needs - reduced size analysis formats, data placement/caching
— New columnar data formats improving read throughput

— Minimize infrastructure cost by coordinating tiered storage
— Main facilities getting ready to scale-up on tape capacity

sw & computing challenges JENAS 2022, Madrid May 5, 2022



Hardware costs

Subject to large fluctuations, even on the timescale of months.

For many components it is not technology that drives the prices, but market forces, lack
of availability, and uncertainty over the future of certain technologies.

Future cost of computing is almost impossible to predict.
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https://indico.cern.ch/event/1085137/

Semiconductor evolution
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In an exponential world, CPU clock is now flat.
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Moore’s Law and Dennard scaling

Exponential performance improvement
for decades.

End of D.S, slowdown of M.L.

Rising costs of semiconductor advances

Ever-faster computers, more expensive

Growth will happen by parallelization, distributed resources.
The challenge is automation. Orchestration to manage complexity.
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https://www.karlrupp.net/2018/02/42-years-of-microprocessor-trend-data/

Federated Infrastructure

Technology and needs evolve exponentially, but available people’s effort don’t.

— The key is to find the way to SCALE.

The future is likely to be distributed - use resources wherever they are.

Multiple centers + integration with HPC and Cloud

— Some HPC will be usable, some won’t

— Cloud
— Need to understand TCO (experiences at large-scale already under way: LSST, ATLAS ...)

— Cloud advantage is elasticity
— Keep control over the data - avoid vendor lock-in
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https://www.lsst.org/news/rubin-observatory-will-partner-google-cloud-host-interim-data-facility
https://npps.bnl.gov/experiments/google-atlas.html

High Performance Computing

Big investments in strategic agendas of several countries.

Most systems in top500 have GPUs - growing trend.

F Earlrnu'u:er 1

Need to find the best ways to use HPC for scientific
experiments - stronger collaboration.

— Leverage big pool of GPU resources for ML analysis
still, a small fraction of the overall need.

— Success in exploiting GPUs will play an important role.

— Also an opportunity for experiments to access
opportunistic CPU and mitigate its shortage risk.
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High Performance Computing

Barriers to use HPC for scientific experiments e
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. . . understand the complex inner
— not designed for massive data in/out
origins, they are eager to observe
— No outgoing connectivity from the worker nodes
detail via enhancements to their

In each case, to unravel scientific
mysteries that are either too big or
too smallto see with a physical
instrument alone, they must work
in conjunction with yet another

Moreover: there will be need to access HPC in real-time e | et
. and increasingly complex datasets, :':y:' &Tﬁ:ﬁ"ﬁ;ﬂ:s?,:g"'wmrwk S
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‘scientists can sift through these

Fortunately, being able to do this sort of data collection and processing in near real time is becoming a reaiity for projects like the
Dark amult led by Lz National Laboratory

M H whose goal is o produce the largest 3D map of the uriverse ever created. Installed on the Mayall Telescope at Kitt Peak National
— alreaqy doing IS a more to come e et e
) -

networking o its five-year galaxy-mapping mission, capturing light from 35 million galaxies and 2.4 milion quasars and
transmitting that data to the National Energy Research Scientific Computing Center (NERSC), a U.S. Department of Energy user
facility based at Berkeley Lab that serves as DESI's primary computing center.

“We turn the raw data into useful data,” said Stephen Bailey, a physicist at Berkeley Lab who s the technical lead and manager of
the DES| data systems. “The raw data coming off the telescope isn't the map, so we have to take that data, calbrate it, process it,
and turn it into a 3D map that the scientists within the broader v

Over the last several years the DES team has been using NERSC to build catalogues of the most interesting observational targets,
modeling the shapes and colors of more than 1.6 billon individual galaxies detected in 4.3 million images collected by three
large-scale sky surveys. The resulting DESI Legacy Imaging Surveys, hosted at NERSC, have performed their catalogue
generation at NERSC over the course of The DESI project the Cosmology D:
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Energy Efficiency

Data centers cause a sizeable contribution to GHG emissions across sectors (and growing)

Scientific computing centres have to become more energy efficient

— Increasingly important role in HPC - Green500 list ranks HPC by performance/watt

Initiatives ongoing to improve accounting of carbon footprint of scientific computing

— Facilities: maximize cooling efficiency, use electricity from renewable sources
— Users & sw providers: improve code/algorithm efficiency

Labs are already analyzing these and publishing annual environmental reports

Include carbon footprint in the planning decisions and tradeoffs

— Consider power/carbon envelope, besides cost envelope
1
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Shared Infrastructure

Many of the large scientific computing facilities are supporting multiple experiments.

Economies of scale for operations - Support Nx experiments with delta effort.

Reduce operational support load by: open source, open protocols & federated resources.

— open source portable building blocks, used and developed for broader communities
— widely used standards (gridftp — http, x509 — OIDC ...)

— middleware to integrate heterogeneous resources - workloads and dataflow
orchestrators.
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Cloud Native technologies

Methodology to deploy applications & infrastructure

— service-based architecture, declarative APIs, containers, immutable infrastructure ...

Emerging as de facto standard in industry

— Using sw development tools and processes to manage infrastructure
— Containers + cont. orchestrators (k8s) - Declarative code for infrastructure

— opportunity to improve operational ‘} $
efficiency
h H & d b The entire The canonical Approved Software agents
- S ar'hg prOCGSSGS code etween system is desired system changes can be ensure
. . descriped state i; ' autom?.tizally corTecttndgfsfs a&nd
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facilities (more portability, less decarstvely  versionedingit spolied " alent (i
Ope rational COStS) Principles of GitOps: https://qitops-community.github.io/kit/

sw & computing challenges JENAS 2022, Madrid May 5, 2022


https://gitops-community.github.io/kit/

Sustainability

Lots of science programs are spanning decades - sustainability of the computing
infrastructure is as big a challenge as raw capacity.

Increased collaboration is one of the keys to sustainability.

2020 update of the European Strategy for Particle physics
— Highlights the importance of synergies between the
neighbouring fields: APPEC - NuPECC

— Mutually benefit from scientific exchanges and
technological cooperation in areas of common interest
such as R&D for s/w and computing.
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European Open Science Cloud - EOSC

An EC action to implement the Open Science vision and policies shared by member states

— A cloud for research data in Europe allowing seamless access to data and
interoperable services

— Will federate existing e-infrastructures, national data centres and research
infrastructures, allowing researchers and citizens to publish, access and re-use data

3 EUROPEAN OPEN
S SCIENCE CLOUD

https://eosc-portal.eu/

15
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https://eosc-portal.eu/

ESCAPE

EU project in response to H2020 call to build the EOSC by connecting it to the ESFRI Rls.

ESCAPE: Astronomy and Particle Physics ESFRIs (2019 - 2022)

Goal: Develop common “e-infrastructure” solutions for a wide range of particle
physics & astronomy research facilities.

Acknowledge that both communities will generate massive data and will push the
state-of-the-art in data mgmt. and computing R&D. \z

Common challenges for long-term data preservation

sustainability and open access to data. ESCAPE

ope e Cluste
! cle phy ESFRI rrrrrrr hlnfrastructures
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https://projectescape.eu 16

Exploit synergies between both communities expertise
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https://indico.ph.tum.de/event/6784/

ESCAPE Work Programme

Prototype and deploy open data services that span the AP, HEP and NP domains.

ESCAPE

i,
A

Open-source Scientific Software
and Service Repository

<© ESCAPE

ESFRI Science
Analysis Platform

Integration demonstration through two Test Science Projects - Linked to two JENAA Eols

— Dark Matter TSP - iDMEu Eol
— Extreme Universe TSP - Gravitational Waves for fundamental physics Eol
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https://indico.cern.ch/event/869195/overview
https://agenda.infn.it/event/22947/overview

Broader synergies with other research clusters
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Five thematic Science Clusters
funded under the same H2020
call (80% of ESFRI Rls)
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ESFRI cluster projects

Dec 2019
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Summary - challenges

Extremely dynamic environment - almost impossible to make long-term predictions.

— Need a framework and processes to manage change.
— Metrics for continuous assessment - identify when changes are needed - iterative
improvement.

Massive innovation from industry. Hard for research Labs to compete.

— Our big value is the capacity to generate high-quality high-value data.
— We need to engage with industry to integrate and exploit new technologies.

New boundary conditions for building experiment computing models. Several trade-offs:

— Peak performance, throughput, cost, ease of ops, ease of use, risks, carbon footprint

— Different optimal points for different communities - support hybrid environments
20
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Summary - challenges

Engage with HPC to enable effective resource usage by scientific Rls

Increase researchers ability to provision services at HPC centers
Experiments to develop tools to provision and orchestrate infrastructure at HPCs
Enable production use of novel architectures at HPC centres

Technology to support real-time experimental workloads

Ability to scale-up is key - Federated distributed infrastructures.

Effort needed to tackle the issues and study the tradeoffs
— HPC: access policies, heterogeneous architectures
— Commercial Clouds: cost predictability, data sovereignty
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Summary - challenges

Long-term data preservation is challenging for our projects - multi-decade timescale

— Need organizations with sustainable funding model, trusted by the community

— With technical expertise on data management

Personpower to support scientific computing is not increasing.
— Need to increase automation to be more efficient to scale-up capabilities with

constant effort.

Scientists’ time is the most precious resource. We need to reduce the data management
burden on them so they can focus on the science.

22
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thank you
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