EGI: Advanced computing for research

We support research with a wide range of bottom-up
developed computing services
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Distributed Computing &
Digital Infrastructures

The EGI Foundation is there to enable the EGI
Federation to serve research at the level of
international cooperation:

EGI Core services to Federate
infrastructures (world unique)

Coordinating access to scientific
computing & digital infrastructures

e Development and deployment of Information - from the EGI Federation
and communications technology (ICT)
services to support research and innovation
in 2 bottom-up approach. Creating opportunities for Research,

Development & Innovation

e Support to the participation in international
projects, initiatives and digital infrastructures
for research.

EGI Communication strategy

e Services leveraging EGI Federation expertise
for the benefit of the national and
international research community.
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PN =Te flagship projects with/for Research Infrastructures

&S sPECTRUM

01.01.2024 - 30.06.2026

Elevating data-intensive science (radioastronomy, high-energy physics)
www.spectrumproject.eu/

QU

ENVRI-Hub
NEXT

01.02.2024 - 31.01.2027
Bringing environmental science to the next level

envri-hub-next.eu

CNEO0SC | BEYONDD®

01.04.2024 - 31.03.2027
Advancing EOSC with federation services and nodes
www.eosc-beyond.eu

O

iMagine

iInterTwin

01.09.2022 - 31.08.2025
Imaging data and services for aquatic science
www.imagine-ai.eu

01.09.2022 - 31.08.2025
An interdisciplinary Digital Twin Engine for science
www.intertwin.eu

www.egi.eu |
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Digital Twins:
e What are they?
e How they relate to our usual simulations ?



Digital Twins
Historic background

The idea of a “digital twin” was born at
NASA in the 1960s as a “living model”
of the Apollo mission.

In response to Apollo 13's oxygen tank
explosion and subsequent damage to
the main engine

NASA employed simulators to
evaluate the failure and extended a
physical model of the vehicle to
include digital components.

This “digital twin” was the first of its
kind, and was able to rescue the
mission supported by simulations

“Keep ‘em Running,” screamed
Astronaut Eugene A. Cernan as he
strode into the simulator room late
on that fateful Monday night.”

Virtual Space
Digital twin

: Information
+ /Processes

mirroring

Real Space
Physical twin

(New York Times, on the Apollo 13 accident
“The countless improvisations that nursed the crippled spacecraft along were in
large measure the product of an extraordinarily elaborate assembly of simulators
at the Manned Spacecraft Center in Houston and elsewhere. Every makeshift
rocedure carried out in space was first tried out on earth, and rejected if the

simulators showed it to be dangerous or impractical.”




Digital Twins
versus simulations

e A simulation is not a Digital Twin unless one can
prove it

e Q: Does it corresponds to the evolution of
physical reality as well ?

e Validation is the process to prove it.
Comparison & feeding input with real data is key

“What matters is the significance of the effect that you are trying to
model w.r.t. to variables that you are interested in. An animation of
variables on the surface there doesn’t make the system a DT because it
lacks fidelity for the purposes of the operations. (...) A simulator never
changes. DT changes over time. « DT changing over time = persistent
simulation over life of asset or system. Co-evolution of digital artifact
with physical artifact Conclusion: identification of validation criteria for
then is your DT good enough of a twin? Need serious thinking about
what validation is” (cf. old NASA minutes)

1. Collect data 2. Analyze data
Real ‘

production

6. Optimize production I 5. Make data-
driven decisions

Reality
of interest
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Computer
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3. Run simulations,
make predictions

Digital twin

4. Visualize insights

Confirmation
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model
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Putting things in practice

InterTwin: Developing a cross-disciplinary
Digital Twin Engine




Qo

InterTwin project ﬂ Budget 11,7 M euro

(INFRA-2021-TECH-01)

Developing a Digital Twin Engine

Software infrastructure necessary for
extreme-scale simulations, data fusion,
data handling, and machine learning
necessary to efficiently deploy and
connect different digital twins with the
overall DestinE platform.

A common approach to the 10 11 Technology 14 Community

implementation of DTs applicable Providers providers representants
. . Resources: delivering the DTE i

across the whole spectrum of scientific Cloud nfrastructure and horizontal o

capabilities developing DT

d iSCi pl | nes HTC & HPC applications and

thematic modules




I n te rTWI n p rOJ e Ct Early Flood Warnings

(INFRA-2021-TECH-01)

Cyclone Detection

Develop a common approach to the
implementation of DTs applicable
across the whole spectrum of scientific [EErE—y———
disciplines e ae
DT of LHC detector components

DT for noise simulation next-generation
radio-telescopes _orE
DT Virgo interferometer

Radio Astronomy

DTE

Fire Hazard Prediction

Drought Prediction

High-energy Physics

Gravitational Waves

DT Standard Model Gore Modles | | |

DT of the Earth - Liaison with
Destlnatlon Earth Infrastructure |, 1.;.

Software Orchestrator Federated data management
DTE

Data Repositories
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DT_G EO y Conrdinatar: CSIC

(INFRA-2021-TECH-01)

e Digital Twin of geophysical extremes dealing
with geohazards from earthquakes,

volcanoes, and tsunamis. i — -
e Aiming integration with Destination Earth ) Iﬁllﬁlﬁ] (oot ) (oomar ]
n Itl at I Ve . ‘ : ingClaw | | SHALTOP I vus
o Urgent Computing, earl\/ Warning forecast ’”‘"’ e g
and rapid post-event assessment. [
E
Slides courtesy of Arnau Folch N ‘ el

e S i
- i i Figure 1.2.2. DT-GEO baseline software stack ordered by categories (white
(CSlC PrOJeCt Coordlnator) boxes). The following colour code is used for the WPs (see Sec. 3.1.1) wez L - . . @ Ll




DIGITAL TWIN OF A VOLCANO
L./
DTC-V2
e Triggered by DTC-V1 and other observations Towards a
¢ Runs the FALL3D dispersal model to produce urgent d,\é?tlgf tnﬁm

computing ensemble-based deterministic and

probabilistic forecasts of ash dispersal and fallout
mpacts
* The ensemble members span the range of DTC-V2
uncertainties in observations driving the model . DTC-V3
¢ Runs on HPC systems (GPUs) P

State of the volcano Urgent computing impact assesment

e Tailored to civil aviation purposes (avoid airplane based on geophysical combining physics-based models
monitoring and models (HPC) and observations

encounters)

. EuroHPC
Slides courtesy of Arnau Folch e

ChEESE

(CSIC - Project Coordinator)




Digital Twins of the Ocean

The Digital Twin Ocean (DTO) is a

SEIVS detailed virtual representation of the
°4>O ocean, integrating real-time data,

92 Al and advanced modeling for
widespread accessibility

Slides courtesy of SOCIB
(Angels Fernandez and Joaquin Tintoré)

Source: digitaltwinocean.mercator-
ocean.eu



SOCIB DIGITAL TWINS OF THE OCEAN ARCHITECTURE
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Some shared reflections across the EGI Federation




The “Streetlight logic”

e Physics is an experimental science: we
investigate where we can

@ Usually following the so-called “Streetlight
logic™:

“if you walk back home in the night, and have
lost your keys, look for them in the
illuminated area, because you will not find
them anywhere else”

@ History shows that Science advances like that:
sometimes unexpected things are found, that
are more interesting than the expected ones




We informed Richard Feynman that his role
would be to advise us on the selection of
scientific applications to run on the new
computing machine.

"That sounds like a bunch of baloney," he said.
"Give me something real to do"

(“Richard Feynman and The Connection Machine” by D. Hillis)

Richard Feynman
Theoretical physicist , ,



Some thoughts
"Glve me something real to do"

e Scientific computing is not just a IT service but an integral element of any
research program.

o The ICT-related budget often determines the scale of the scientific
challenges that can be addressed.

e Science complexity requires a dedicated development effort which
should be funded as innovation.

e Funding innovative real work should prevail over funding “vanity projects”.

e Software and computing is a global endeavor: efforts must be
coordinated: (heavy work with rare and expensive talents).
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