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Introduction

Supercomputing - or High Performance Computing (HPC) - and Artificial
Intelligence are constantly evolving technologies and a source of significant
innovation in various sectors. Their combination is increasingly relevant to enable

innovation in multiple sectors.

The strong boost that these technologies have had in recent years and above all
the wide use that is made of them by large companies, research centers,
universities and even private individuals, has led supercomputing and artificial

intelligence to be the leading technologies of the 21st century.

In fact, there are increasing initiatives and investments activated on national and
European soil to consolidate the research, employment and training of personnel

specialized in these fields, who act as transversal facilitators to bring innovation _
o all £t ot Eleonora Barelli
o all areas of temporary society. o .
porary ¥ Eleonora.barelli@ifabfoundation.org

In this report we analyze the measures and initiatives taken in Europe and then

in Italy, with particular reference to the Italian Al Factory IT4LIA.
Ethel Gallo

The second half of the report focuses on innovation projects funded by the ICSC Ethel.gallo@ifabfoundation.org

Foundation that contain innovative supercomputing and artificial intelligence
applications.

Giada Sechi

Finally, we show future trends and scenarios, outlining the long-term prospects,
Giada.sechi@studio.unibo.it

highlighting the main technological, economic and regulatory developments

expected.
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Innovations in HPC and Al

Nowadays, high-performance computing is shown to be an enabling and
necessary factor for important advances and innovations, being in all respects a

strategic resource for technological advancement in various fields.

In contemporary society, more and more data is constantly being generated, and
as a result, the nature of computing is changing, with an increasing number of
critical applications: HPC is therefore crucial for the processing and analysis of
this growing volume of data and can be used in a large number of application
areas, from monitoring and mitigating the effects of climate change and
producing safer and greener vehicles to increasing the cybersecurity and the

advancement of knowledge frontiers in almost all scientific sectors.

In addition, HPC has proven to be of great importance in the development of new
applications and products, with a direct impact on the digital supply chain, the
design of new materials, cars and aircraft, as well as bioengineering and

manufacturing.

In recent years, artificial intelligence has also radically changed the way we
approach different sectors of society; from technological innovations to the

economy, from research to education, as well as in health and safety.

In particular, the branch of generative artificial intelligence (GenAl), i.e. a type of
artificial intelligence that uses machine learning algorithms capable of generating
text, images, video and audio, has kicked off an unprecedented wave of adoption

of Al applications, even at a private level.
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According to research by consulting firm McKinsey, one-third of organizations
already regularly use generative Al in at least one business function, while
industry analyst Gartner predicts that by 2026, more than 80% of organizations
will implement generative Al applications or generative Al Application

Programming Interfaces (APIs).

What is an API?

APIs - Application Programming Interfaces - are a set of rules and protocols
that allow the sharing of only the necessary information, keeping other details
of the system hidden, making it possible to exchange data securely between
software applications.

Al and HPC complement each other, allowing organizations to take advantage of
their specificities. For example, HPC offers high levels of computing power and
scalability, which are critical for running high-performance workloads or training
models. Similarly, Al enables organizations to process workloads more efficiently

and intelligently.
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Where are we in Europe?

Investments in Al

The European Union is determined to become a global leader in the field of
Artificial Intelligence, in April 2025 the European Commission produced The Al
Continent Action Plan: a document that expresses the vision and objectives that
the EU sets itself to ensure European sovereignty, independence and autonomy
in the field of Al. In Figure 1 you can see the different key areas where financial
and technological investments need to be made to transform Europe into an Al

continent.
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Figure 1: Pillars necessary for the transformation of Europe into an Al Continent (Credits: The Al
Continent Action Plan, https./digital-strategy.ec.europa.eu/en/library/ai-continent-action-plan)
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The Al Continent Action Plan reiterates the European need to invest in computing
infrastructure to train advanced Al models and strengthen access to high-quality
data through strategies such as the Data Union Strategy, and investments are
proposed for the establishment of Al Gigafactories to strengthen computational

power.

The Al Gigafactories are designed as extremely large facilities (100,000 advanced
Al processors) designed to develop, train and deploy the most complex Al models
of the next generation at an unprecedented scale and are based on an extension
of the concept of the already existing Al Factories and will be federated with the
EuroHPC network.

cm’ Al Factories

@ AIF Hosting Countries
AIF Partner Countries

"
e 25
£ _ Remaining EuroHPC
Participating States
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Figure 2. The 13 Al Factories present on the territory of the European Union. (Credits: The Al
Continent Action Plan, https:/digital-strategy.ec.europa.eu/en/library/ai-continent-action-plan)
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On European territory, as can be seen in the Figure 2, there are currently thirteen
operational Al Factories and are now a strategic priority for the EU, representing
dynamic ecosystems capable of fostering innovation, collaboration and
development in the field of Al, bringing together computing power, data and

talent to create cutting-edge Al models and applications.

The Al Factories target European users from various sectors, including industry,
research, academia and public administration, promoting transnational
collaboration across the continent, connecting supercomputing centres,
universities, SMEs, industry and financial actors. They are therefore designed as
hubs that drive advances in Al applications in various sectors such as health,

manufacturing, climate, finance, space and more.

For a real transformation into an A/ continent, the EU plans to create an A/ Skills
Academy to develop new skills in Al, with a focus on education and lifelong
learning, the Commission will also take care to promote the mobility of talents
and researchers from abroad to bridge the skills gap in the EU, working
multilaterally with other countries to promote safe Al oriented towards human

well-being.

These goals will be finalized through significant investment, including funds for
Al Gigafactories and other critical infrastructure, with the InvestAl plan to
mobilize €200 billion. In particular, the main feature of Gigafactories is that they
are a public-private partnership, in which the presence of the private sector is
functional to ensure the competitiveness of the Al ecosystem, continuous

innovation and response to real needs.
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Investments in HPC

As far as the supercomputing area is concerned, since 2018 the EU has promoted
the development of the European High Performance Computing Joint Undertaking
(EuroHPC JU) which aims to develop, implement and maintain within the
European Union an ecosystem of supercomputing, quantum computing, and

secure and interconnected infrastructures for federated data.

EuroHPC JU also supports the development and adoption of innovative,
competitive and demand-driven supercomputing systems, based on a supply
chain that guarantees components, technologies and knowledge, limiting the risk
of disruptions and the development of a wide range of applications optimized for
these systems, expanding the use of this supercomputing infrastructure to a
wide range of public and private users to support the development of key

competences in HPC for European science and industry;

In addition, it is precisely within the EuroHPC JU ecosystem that Al Factories are
developed and operated, strategically located around supercomputing facilities
to support the growth of a highly competitive and innovative Al ecosystem in

Europe.

Another measure of fundamental importance is that in competence centers,
summarized in the EuroCC project. EuroCC has established a European network
of 33 national HPC competence centres, with the aim of bridging the current HPC
competence gaps and promoting cooperation across Europe. Another element of

the Joint Undertaking's action are the European Centres of Excellence (CoE).
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The National Competence Centres (NCCs) represent fundamental hubs for High
Performance Computing and related technologies, acting as main points of
reference in their respective countries. Their mission includes several key
objectives: to create a comprehensive and transparent map of HPC expertise and
institutions, in order to provide an overview of national expertise; act as an access
point to connect industry, academia and public administration with appropriate
suppliers and relevant projects both nationally and internationally; consolidate
the HPC training offer present on the national territory, integrating it with

European opportunities.

In addition, NCCs play a crucial role in driving industrial adoption of HPC, enabling
enterprises to leverage cutting-edge computational technologies to innovate,

compete, and grow in an increasingly digital world.

Where are we in ltaly?

ITALIA: I'Al Factory italiana

Italy is home to one of the thirteen European Al Factories, with a consortium led
by Cineca that finds its physical headquarters at the DAMA Tecnopolo Data
Manifattura complex. IT4LIA Al FACTORY is funded by the Ministry of University
and Research and the National Cybersecurity Agency. The initiative is co-funded
by the European Commission through the European High Performance Joint

Undertaking. Additional contributions come from Austria, Slovenia, as well as
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from Cineca, the Emilia-Romagna Region, the National Institute of Nuclear
Physics, the Italian Institute of Artificial Intelligence for Industry, Fondazione
Bruno Kessler and the ItaliaMeteo Agency. ICSC - ICSC National Research Center
in High Performance Computing, Big Data and Quantum Computing, IFAB
Foundation, Sapienza University of Rome, Alma Mater Studiorum University of
Bologna, University of Modena and Reggio Emilia, University of Turin, ART-ER and
Confindustria also participate as partners.

The project aims to establish an open ecosystem capable of facilitating the
adoption of artificial intelligence technologies.

The infrastructure

IT4LIA benefits from the following infrastructure, among the most powerful in

Europe:

- LEONARDOQO, a pre-exascale class EuroHPC supercomputer;
- LISA, LEONARDO upgrade optimized for Al applications;
- GAIA, integrated cloud system;

Centro Nazionale di Ricerca in HPC,
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- MEGARIDE, designed to address the spectrum of Al use cases, combining All systems, with the exception of MEGARIDE, located at the University Complex
Al/HPC partitions for compute-intensive and OpenStack cloud for of San Giovanni a Teduccio (NA), are hosted in the data center of the DAMA
services. Technopole in Bologna, which offers a complete computing continuum to support

the rapidly  growing Al

- Leonardo Leonardo ecosystem in Italy and Europe.
Lisa Data Centric Module Boaster Module
8l Module 1546 compute nodes 3456 compute nodes The integration of advanced

GAIA Cloud
420 CPU nodes 120K core

80 GPU nodes 50% Fp64
50% Al / 3D rend.

168 8x GPU H100 2x Intel SPR CPUs, . Us
512 GB DDRS, NVM 4x NVIDIA A100-64 GPUs

components, such as a compute
partition with 166  fully
Ethernet Interconnect 400Gb/s Low Latency Interconnect 200Gb/s 400/Gb/s interconnected 8-way

advanced GPU servers via a

Storage Fast Tier
Storage Storage Long 5.4PB, 1.4 TB/s
Cheph data-lake term Front-end

non-blocking high-performance

network, as well as high-

2PB 10PS $3/NFS/ Back up partition Gateway . .
3PB Block ATchive Login nodes 25 Tb/S bandW|dth memOI’\/, W|”
Storage High Visualiz. nodes

Capacity 100 PB 8PB

performance Tier significantly ~ increase  the

106 PB, 620 GB/s

performance of the

supercomputer for Al-intensive

Facility distribution and routing

tasks.

In fact, LISA is the first EuroHPC

compute partition designed

Internet and Geant 100G

. from the ground up specificall
Ethernet = InfiniBand . GAIA Cloud - Leonardo Lisa & PP y

. o , o for Al workloads. The two
Figure 3. The computing infrastructure of IT4LIA Al Factory (credits: https./it4lia-aifactory.eu/)

supercomputers will then be connected through the same multi-protocol storage
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layer that provides simultaneous block, file and object functionality, and enables
essential data services to support Al computing tasks.

Services

IT4LIA therefore has the task of building an innovation ecosystem capable of
accelerating Italy's competitiveness in the artificial intelligence sector and

promoting technology transfer to the entire productive fabric of the country.

In fact, it is aimed at public and private entities interested in developing
innovative projects based on Artificial Intelligence. It offers a comprehensive set
of services, including free access for eligible startups, SMEs, public
administrations and academic institutions, as well as tailored offers for other

innovation actors.

Data-related services to enable users to access, integrate and
reuse large volumes of heterogeneous data, effectively
addressing interoperability, security, quality and governance

challenges.

Data discovery: tools and support to identify and understand data useful for a

use case;

Data preparation: services for the preparation, cleaning, anonymization of
datasets;

Data analytics: automated analysis of complex datasets for advanced insights;
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Data creation: synthetic generation of data for training or testing of Al models;

Data management: orchestration, transfer, metadata, and secure access to data

in Al flows.

Cross-cutting services for developing and testing Al models on

HPC, throughout the lifecycle, in a compliant and scalable way.

Al setup: services for the first steps towards the development
of Al workflows on HPC;

Al development: services to develop advanced Al solutions with HPC power;
Al testing: testing Al models safely: control over performance and scalability;

Al trust: services for trustworthy and compliant Al: security, transparency,

regulations;
Al network: initiating strategic partnerships, skills and opportunities.

Vertical services, integrating data, large-scale models and Al
services, engaging stakeholders to drive Al adoption,

innovation and collaboration in 4 main sectors:
Cybersecurity: advanced protection against digital threats;
Earth: analysis and forecasting of environmental phenomena;

Manufacturing: optimization of industrial processes.

Centro Nazionale di Ricerca in HPC,
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Agritech and agrifood: solutions for sustainable agriculture and the food supply
chain.

Training services, to develop skills in Al, aimed at new talents

and professionals.

Live remote sessions, self-paced courses and classroom

training;
Practical experiences: hackathons, advanced schools and training internships;

Professional growth: certifications, expert sessions, and career development.

Ministero
dell’Universita
e della Ricerca

e Finanziato
«+ | dall'Unione europea
Ex NextGenerationEU

EuroCC Italy: the Italian HPC competence centre

In addition to the recent launch of the IT4LIA Al Factory, one of the national
competence centers of the EuroCC network is located in Italy. EuroCC Italy is in
fact the Italian Competence Center for technology transfer in the HPC field to
support industry and public administration. The project, co-financed by the
European Commission and the Ministry for Enterprise and Made in Italy, whose
partnership includes Birex, Cineca, Dompé, IFAB Foundation and Leonardo, helps
companies and public administration to access high performance computing

infrastructures and related skills for the implementation of innovation projects.

EuroCC Italy helps entities to understand the potential offered by investments in
digital transformation to develop projects among the relevant stakeholders; to
structure training courses on technology transfer within their staff, so as to
acquire the strategic skills to independently carry out other research and
innovation projects; to set up models for the use of High Performance Computing
within their activities, so as to develop, expand and improve the company's
internal production processes (e.g. proof-of-concept processing services, digital
twins and data lakes).
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The CINECA infrastructure Computational Chemist division into areas is
_ 605

: , . _— concerned, the
The Cineca HPC Annual Report 2023/24 describes the main activities and

Condensed Matter Pﬁi:s three most
developments in the field of High Performance Computingin Italy and Europe, with 47
f ientifi d Computational Fluid amics represented
LISA a focus on scientific an EEEEER T ——

industrial i i act disciplines are
industrial innovations, projects Nuclear Fusion _
LEONARDO IMPROVED SUPERCOMPUTING ARCHITECTURE _4;3 Computational

and collaborations. . _
Chemistry, with

Astrophysics and Plasma Physics

UPGRADE Figure 4: LISA integration of the 460 11% Condensed
LEONARDO supercomputer (Credits: Computational Engineering .
https:/eurohpc-ju.europa.eu/eurohpc- a2 Matter Physics and
- joint-undertaking-awards-contract-lisa- Al & Machine Learning Computational Fluid
e upgrade-leonardo-supercomputer-2025- 302 Dynamics, with
05-13_en) Earth and Climate Science 181 about 10% each.
Cineca has continued to expand its infrastructure, with a significant increase in Life Science - Computational Bioto
computational capacity thanks to the Leonardo supercomputer, which has ﬂm
exceeded 350 PFlops in performance, thus playing a leadership role in creating B 265
large language models (LLMs) in Italian and, thanks to the integration between Particle Physics Figure 5: breakdown of
HPC and Al, CINECA allows the acceleration of scientific simulations and the *“’ user projects by sector of
resolution of complex problems, such as climate prediction and personalized Mathematics application (Credits:
. u Cineca HPC Annual Report
medicine. Humanities and Social Sciences 2023/24,
LB REPORT20232024_pdf)

Cineca also recorded a significant increase in active users, reaching 5308 by the

Computational Science

end of 2023, marking a growth of 858 users compared to the previous year, a Is
trend that has been consistently positive in the previous five years. 67% of the

total number of users work for an Italian institution, mainly concentrated in the
regions of Emilia Romagna (19%), Lombardy (18%) and Lazio (16%). As far as the
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As part of the Data Center Observatory, the Second Data Center Talk was held in
October 2024: HPC and Data Center infrastructures for Artificial Intelligence,
which explores the general scenario and the Italian infrastructure level in

correlation with the impacts of Al.

From 2018 to 2023, the Italian artificial intelligence market grew by 262%, for a
total value of 760 million euros, a large part of which is occupied by Data
Exploration & Prediction Systems and Decision Support & Optimization Systems,
as can be seen in the Figure 8.
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Figure 6: The Al market in Italy (Credits: Data Center Observatory, Politecnico di Milano, 2024,
HPC and Data Center infrastructures for Artificial Intelligence)

This great growth in the Al market has given rise to the need to increase the
number of Data Center infrastructures on the Italian territory: in 2023, 80 new
MW of IT energy power for Data Center infrastructures were activated, in the

period 2023-2025 the construction of 83 new infrastructures was planned.

Itis in this context that the computing power provided by supercomputers comes
into play, which, thanks to its mathematical/statistical modeling capabilities
suitable for the development of Al algorithms, can become a worthy alternative
or integration to traditional data centers, as can be seen in the Figure 8. The
demand for computing power for the training phase of artificial intelligence is in

fact growing exponentially, in particular the training of generative artificial
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intelligence requires large amounts of energy consumption, due in particular to

the movement of data between processor and memory of the supercomputer.

Architettura altamente parallela

con nodi di calcolo specializzati e
connessioni ad altissima velocita
(es. Infiniband).

Carico di lavoro Carichi di lavoro intensivi e
massicciamente paralleli (es.
simulazioni).

Ottimizzazione Ottimizzato per altissime
prestazioni (throughput).

Architettura

Architettura distribuita con server
generici, reti standard e specializzata
per lo storage e I'elaborazione di
grandi quantita di dati.

Carichi di lavoro variabili e non
intensivi (es. web hosting, database,
servizi cloud).

Ottimizzato per disponibilita di
accesso alle risorse, tempo di risposta,
scalabilita del carico di lavoro e
gestione del traffico.

Figure 8: Comparison between HPC and Data Center (Credits: Data Center Observatory,

Politecnico di Milano, HPC and Data Center infrastructures for Artificial Intelligence)

A possible solution to this great expenditure of energy may be neuromorphic

computing systems, systems that mimic the functioning of the human brain: the

storage of data is not separate from their processing.

It is therefore essential to design Data Centers and supercomputers capable of

exploiting Al technologies to optimize performance and energy efficiency, reduce

costs and increase the level of security. In these data centers and HPC systems,

data will also be leveraged to identify patterns and make informed decisions

about resource allocation and workload management.
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Supercomputing and Artificial Intelligence in
the National Research Center in HPC, Big
Data and Quantum Computing

The National Research Center in HPC, Big Data and Quantum Computing does

not have a Spoke vertically dedicated to supercomputing and artificial
intelligence, as these topics are developed transversally and are applied in most

of the projects carried out in the context of all the other Spokes.
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Figure 9: Logo of the National Research Center in HPC, Big Data and Quantum Computing

The activities of the National Center focus both on the maintenance and
enhancement of the Italian HPC and Big Data infrastructure, and on the
development of advanced numerical methods and applications and software
tools to integrate the calculation, simulation, collection and analysis of data of
interest for the research system and for the productive and social system. even
through cloud and distributed approaches.
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The National Center will therefore provide a shared and open cloud/HPC
infrastructure, which will represent a unique strategic asset for Italy, but also for
the international community, and aims to become an innovative and attractive
ecosystem at an international level, to strengthen Italy's competitiveness and

contribute to European leadership in the sector.

From a technological and infrastructural point of view, among the main
milestones is the upgrade of the Leonardo supercomputer of CINECA and the
distributed computing infrastructure of the INFN, the acquisition of a quantum
computer to be placed at the Technopole, the expansion of the GARR-T network
(which will bring the capacity of the national network for education and research
to multiples of Terabits per second) and some interventions for the creation of

thematic satellite centers in other Italian locations.

Thanks to the investments of the PNRR in ICSC, for example, the center of the
CMCC Euro-Mediterranean Center on Climate Change foundation in Lecce has
been strengthened, and new centers have been built in Frascati, Gran Sasso, and
Naples where a parallel computing center managed by CINECA has been built. In
addition, the tools necessary for the implementation of the national cloud
datalake have been developed and integrated, which allow transparent access to
resources.

The following section presents some of the projects of the National Center that
use HPC and Al applications, pertaining to different Spokes, highlighting the

variety of fields of application that benefit from these technological innovations.
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The MM project: digital simulations for chemical
reactors

ENI, in collaboration with the University of Bologna, has launched the MM -
Multiscale modelling of industrial three-phase stirred reactors project aimed at

developing a simulation strategy for three-phase stirred chemical reactors.

The predominant mechanisms on which the performance of the reactor depends
will be modeled through Computational Fluid Dynamics (CFD) codes, taking into
account the wide range of amplitude and time scales of the selected industrial
processes, by means of sub-grid models and population balance equations, i.e.
mathematical equations used to describe the distribution of particles, droplets or
bubbles within a multiphase system.

The intensive solving of the model's equations is made possible thanks to super
computing (HPC) solutions, which make it possible to transpose research results
from the laboratory scale to the industrial scale. In addition, to ensure the
industrial applicability of the modeling and simulation strategy, gas-solid-liquid
dynamics and mass transfer will be described through a Reynolds Averaged
Multi-Fluid Model (RANS).

The model will be subjected to a laboratory-scale validation, based on
experimental data and Direct Numerical Simulation (DNS) simulations, an
advanced numerical simulation method used in computational fluid dynamics,

which will allow the identification of reliable closure relationships.
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At the end of the project, a design tool will be provided to ensure a robust scale-
up of the three-phase reactors, taking into account the interaction between the

chemical, physical and operational conditions of the reactors.

ALMA MATER STUDIORUM
UNIVERSITA DI BOLOGNA
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ASTRAL: machine learning for CPS diagnostics

Spoke 6 in collaboration with Spoke 1 developed the ASTRAL - Analysis and
monitoring (PHM) project of multi-scale critical systems through Artificial
Intelligence, coordinated by Thales Alenia Space Italia and in collaboration with
Autostrade per I'ltalia, ENI, Engineering, Ferrovie dello Stato, IFAB, Leonardo, the
Polytechnic University of Milan, Terna, the University of Bologna, the University

of Pisa and the University of Turin.

The project aims to develop Machine Learning algorithms for the diagnostics and
health management of complex cyber-physical systems (CPS), in response to the
demand for more reliable, accessible and suitable systems for complex life cycles.
CPSs are systems that integrate physical and digital components, capable of
combining the physical and digital worlds through sensors, actuators and
software and are revolutionizing various production sectors, increasing efficiency
and safety.

To achieve its goals, ASTRAL intends to develop digital twins of the CPS involved,
which will feed the Al algorithms for monitoring the reliability of the models. In
this way, machine learning algorithms will be able to analyze and monitor time
series to identify possible anomalies in systems with the ultimate goal of
identifying the causes of these anomalies to prevent them from recurring over
time. Big Data analysis will also be used to study the reliability of the system and
estimate the remaining useful life, making it possible to predict a potential

anomaly long before it occurs.
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ASTRAL also intends to create a cross-cutting collection of use cases, in order to
create synergies between different industrial sectors and application areas, such
as the energy, aerospace and critical infrastructure sectors, in order to achieve
convergence towards a national research strategy, capable of sharing Al-based

and HPC platforms for prognosis and health-management applications.
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WTM — Wind Blade Modeling to Estimate Energy
Production

WTM - HPC-scale wind turbine modelling and simulation for maintenance and
forecasting was born within Spoke 6, under the coordination of ENI in partnership
with CNR and the University of Rome Sapienza, with the aim of developing

advanced technologies for the simulation of wind energy behaviour.

These simulations are based on multi-scale and multi-physical models
implemented on HPC architectures, which will improve the management and
efficiency of wind farms, incorporating the experience of leading academics and
research groups of industrialists specialized in the field of wind energy.

The project will explore three main themes, exploiting innovative approaches in
wind energy measurement. A first theme involves the creation of a model
capable of analyzing the phenomenon of blade erosion, so as to predict how
much energy can be produced by a given turbine and how much will be lost due
to erosion. Secondly, the project aims to be able to predict how much energy can

be produced by the entire wind farm.

Finally, SAFE plans to create an intelligent turbine monitoring system thanks to
Al, which will be operational thanks to condition-based monitoring systems and
which will allow predictive maintenance to be implemented, ultimately reducing

costs.
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The integration of HPC architectures and Al algorithms will therefore allow the
construction of advanced simulation models, which in turn will allow a more

effective and sustainable management of wind energy.
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|mpr0\/ing responsi\/eness to attacks thanks to SCP therefore aims to have a concrete and immediate impact for companies and
machine Iearning- the SCP pI’OjECt individuals in their ability to respond to cyber attacks, also configuring itself as an

SCP - Serial Code Porting on HPC & Quantum Computing is a project developed

important laboratory for the research and development of new applications of

Machine Learning in the quantum and HPC fields.
within Spoke 3 of the ICSC, coordinated by Sogei in collaboration with the

Politecnico di Milano, the University of Milan Bicocca and the University of Rome
Tor Vergata; the ultimate goal of this project can be found in the creation of a
system based on Machine Learning algorithms for the prevention of cyber
attacks.

To achieve this goal, SCP aims to rewrite ML algorithms, already available in their
Open Source versions, in a language suitable for super computing (HPC) and in
modules compatible with architectures based on quantum computing.

This is necessary because environments based on quantum computing or HPC

could allow better and real-time responses to cyber-attacks, increasing the
reactive capacity, a fundamental factor in the cybersecurity sector.

"EDEGLI STU[{):{1
The project therefore focuses not only on the use of algorithms in the fields of : &2 %
HPC and quantum computing, but also focuses on the creation of a methodology POL||CO % %
for the systematic rewriting of machine learning algorithms relevant to business MILANO 1863 BICOCCA

activities and in clustering activities, carried out within HPC architectures, of

algorithms used in the research and development sector.
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AWAD: the challenge of waste disposal processes

The production processes of industries create numerous scraps and wastes that
are increasingly chemically complex and consequently difficult to dispose of. In
response to this problem, IFAB, in partnership with CNR, Tampieri, the University
of Pisa and the University of Trieste, has launched the AWAD project — Agro-

industrial Waste valorization through Machine-learning Accelerated Design, ®
which is positioned in the ecosystem of Spoke 7.
AWAD in particular focuses on the degradation mechanisms of agro-industrial | PY
waste, transforming it from waste, such as natural biofillers, to marketable
INTERNATIONAL FOUNDATION

BIG DATA AND ARTIFICIAL INTELLIGENCE
FOR HUMAN DEVELOPMENT

biocompounds with optimized properties. In this way, the agri-food industries

will also be able to benefit from their waste materials, creating new production

processes.

. , L , . Consial 2% UNIVERSITA
The project therefore aims to identify the modes and mechanisms of degradation r ensiglo ® DEGLI STUDI
of natural biofillers, these results will then allow the creation of regression Nozionale DITRIESTE

. . . : . delle Ricerche
models based on machine learning to predict the mechanical properties of the

final plastic biocomposites.

These machine learning models, which link natural components to degradation
and mechanical properties, can also be used in other research in materials UNIVERSITA DI P1SA
science and engineering.

The project also includes the rational design of measures for the minimization of
biocharge degradation and the creation of predictive models for the functional

properties of agricultural-based biocomposites.

Centro Nazionale di Ric

PIANO NAZIONALE
DI RIPRESA E RESILIENZA BgD-umdQummCumpuuug

NextGenerationEU *5i¢» e della Ricerca

Finanziato Ministero . = 3
dall'Unione europea dell’Universita i Italiadomani } ( I E S C



Osservatorio sulle tendenze
e le applicazioni del Supercalcolo

08

Federated Learning as Privacy Insurance: The FLF
Project

Still on the subject of cybersecurity in the financial sector, Spoke 1 develops the
FLF — Federated Learning Finance project, led by Intesa Sanpaolo in partnership

with the University of Salento and the University of Turin.

The project aims to integrate the need to preserve the privacy of financial
customers, thus ensuring regulatory compliance of sensitive data, with the ever-
increasing use of machine learning and Al models in the financial field. The
answer to this need is found in federated learning, which is a machine learning
technique that allows Al models to be trained without transferring the raw data
to a central server, so as to ensure security and privacy without having to give up

all the performance benefits of machine learning.

Federated Learning Finance therefore aims to spread knowledge about federated
learning techniques and promote their adoption in the banking system. The
project therefore consists of the creation of a federated learning system aimed
at identifying named entities in the massive amounts of data, such as SEPA and

SWIFT bank transfers, generated by millions of national and international actors.

Federated techniques will then be developed for a natural language processing
pipeline for Name Entity Recognition (NER), i.e. the process of identifying specific
entities within a text, for co-reference resolution (CR), i.e. the determination of
which pronouns in a text refer to the same named entity, and finally for the
Named Entity Linking (NEL), which consists of the process of linking named
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entities within a text and external sources of knowledge, in order to enrich the
context.

These tasks will be addressed through the adaptation of Large Language
Models on domain-specific data to perform sequence labeling

for NER and using the output of this module to inform and improve
models for CR and NEL.
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HF: Fault Identification in HPC Systems to
Prevent Julnerabilities
HF - Methods for the detection and identification of hardware faults in HPC

systems for Al applications is a project coordinated by Intesa Sanpaolo in
collaboration with the Polytechnic University of Turin and developed in the
context of Spoke 1 and aims to develop efficient techniques for the identification
of hardware faults in HPC systems, with particular attention to the architectures
used to run Al applications.

Currently, HPC supercomputing systems represent strategic infrastructures in
numerous areas of application and their increasing complexity and the
technological evolution of electronic devices increases the possibility of hardware
failures, which can represent a vulnerability that can be exploited by cybernetic
attacks, especially taking into account the fact that HPC systems are increasingly
used in the financial sector. In addition, such malfunctions can interfere with Al
applications, which are often involved in critical processes.

For these reasons, the implementation of efficient and intelligent mechanisms
for the timely identification of these faults is therefore essential, the HF project
develops activities aimed at creating efficient and specialized techniques for the
recognition of hardware failures in HPC systems during the operational phase,
with attention to processors, memories and hardware accelerators used for the

execution of artificial intelligence applications.
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The project not only takes care of the technical part, but also deals with
evaluating the cost and ease of integration of the proposed techniques into
existing flows, including the use of appropriate test cases, possibly provided by

Intesa Sanpaolo.
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Reducing Troubleshooting Time in the Marine
Industry: The ATOS Project

As part of Spoke 9 of the ICSC, Fincantieri in collaboration with the University of
Milano-Bicocca has developed the ATOS - Automatic Troubleshooting for
Onboard Ship Systems project aimed at improving failure response times in the

naval sector.

Ships' on-board systems are large, complex systems that manage the entire
operation of vessels and their intrinsic complexity leads them to be prone to the
manifestation of anomalous behavior, the origin of which must be promptly
identified and resolved to avoid serious accidents.

The ATOS project approaches this issue in two phases: through iterative fault F I n( An I IE RI

localization implemented by an operator first, and computer-assisted resolution
later, where operators will be supported in diagnostics and repair.

The concrete proof of the effectiveness of this methodology will be produced by

& DEGLI STUDI
the application of these techniques to three different systems subject to FC NXT, Z E
the Italian company of excellence Fincantieri NexTech that provides products and = =
z z
services in the field of naval automation, electronics and advanced systems. E 1C0C [:i

ATOS is particularly important in the fossil fuel power generation and chemical
industries, where fast identification and troubleshooting is crucial to ensure

safety and operational efficiency.

Centro Nazionale di Ricerca in HPC,
PIANO NAZIONALE J
DI RIPRESA E RESILIENZA Big Data and Quantum Computing

NextGenerationEU *5i¢» e della Ricerca

T Finanziato Ministero i i 7
- dall'Unione europea dell'Universita i [taliadomani ( I E S C



Osservatorio sulle tendenze
e le applicazioni del Supercalcolo

08

gA|a - Green Al App“cation: reducing the consumption of Al solutions and their environmental impact, and it is precisely in
environmental impact of Al this context that gAla's research fits in.

Intesa San Paolo in collaboration with the Polytechnic University of Turin has
launched the gAla — Green Al Application project with the aim of developing tools

to assess the environmental impact of Artificial Intelligence applications.

The applications and technologies that employ Artificial Intelligence are now
fundamental and pervasive in various sectors: from scientific research to daily

life, passing through the world of business and education.

While Al is often recognized as a useful tool for adapting to and mitigating climate
change and extreme events, it is necessary to recognize that all Al approaches
require numerous computational resources, resulting in significant energy

consumption that is harmful to the environment.

In particular, the high energy consumption required by the intensive use of Al

solutions leads to significant CO2 emissions. This increase in emissions

contributes to global warming, accelerating climate change and exacerbating ]_NTES4 nnn SMBAIO]_O

problems such as air pollution, the reduction of biodiversity, the destruction of

ecosystems and the unsustainable exploitation of natural resources.

For these reasons, also following the recent recommendations of the European
Commission, it is necessary to effectively manage and reduce CO2 emissions

deriving from the use of software. To do this, it is necessary to identify tools and

methods capable of providing a reliable and realistic estimate of the energy
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Mitigating the effect of oil spills in marine
environments thanks to supercomputing: the
OSM project

The CO2 absorption capacity of marine ecosystems already threatened by global
warming is compromised by the occurrence of oil spills, which therefore indirectly
contribute to climate change, which in turn makes it more likely that extreme
weather events will occur that favor hurricanes and tsunamis, often the cause of

the spills themselves.

In this context, the OSM project - Qil Spill Monitoring Software - Predictive
modeling of pollutant propagation following an oil spill accident in the sea,
promoted by Sogei in partnership with ENEA, the Polytechnic University of Bari
and the University of Bari, aims to develop a system capable of performing rapid
and accurate predictions of the propagation of pollutants following a spill of
hydrocarbons into the sea. whether it is caused by a ship accident or a coastal
discharge.

For an accurate forecast, OSM proposes to use HPC technology to perform 3D
oceanographic hydrodynamic modeling more effectively and to develop
numerical simulation algorithms of hydrocarbon transport and transformation,
capable of collecting environmental and meteorological data as input, both to
predict potential disasters and to anticipate their possible consequences and

impacts on the observed ecosystem.
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HPC processing capabilities would allow for more effective predictions in the
event of an accident, as it would be possible to increase accuracy and reduce the
time required to run simulations even at high resolution," also increasing the
number of simulations that can be run at the same time, thus allowing the
analysis of a greater number of potential scenarios for unknown or uncertain

parameters.
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Digital twins for the management of extreme
events: the DIRECT project

Modern cities are increasingly susceptible to damage caused by extreme weather

events and natural disasters related to climate change.

The Digital twins foR EmergenCy supporT - DIRECT project, coordinated by Sogei
in collaboration with CNR, the University of Milano-Bicocca, the University of
Salento and the University of LAquila, exploits the flow of information generated
by modern Smart Cities to create an innovative digital twin of urban districts,
integrating building information models (BIM) to monitor and predict the impact
of natural or man-made disasters.

The heart of the project is a dynamic and adaptive Decision Support System that
operates on two temporal levels: in the immediate phase of the emergency,
providing real-time information to propose dynamic emergency plans when the
predefined ones may not reflect the real situation on the territory; in the long

term, through continuous monitoring activities.

The project is developed in two main phases. The first phase focuses on the
feasibility study, the configuration and installation of the sensors, the
development of the loT platform and the digital twin. Through simulation tools
based on different technologies and high-performance computing (HPC)
resources, the system will represent the monitored urban district and its risk
profile, integrating data collected in real time from ground sensors, drones and

satellites.
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The second phase involves the integration of BIM models to predict the impact
of natural disasters on buildings, incorporating data from sensors (energy
consumption, humidity, temperature, CO2) into the digital twin. A demonstrator
of the system will be tested by simulating a natural event, such as an earthquake,

on a portion of the urban district.

DIRECT is an example of how space technologies, integrated with terrestrial
sensors and advanced digital models, can improve urban resilience in the face of
new challenges related to climate change. The combination of satellite data with
other sources of information makes it possible to create a valuable tool for

emergency management and citizen protection.
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Monitoring natural hazards from space: the
HAMMON project

Satellite observation is revolutionizing the way we monitor and manage natural

hazards on the ground.

The Hazard Mapping and vulnerability Monitoring - HAMMON project,
coordinated by UnipolSai (Leitha) and implemented by a large consortium of
scientificand industrial partners, develops innovative tools to quantify the impact

of extreme natural events on the Italian territory through the use of satellite data.

The project combines Earth observation data with scientific visualization
technologies and artificial intelligence to map risks, monitor the territory and
predict extreme events. Particular attention is paid to the identification of risk
factors and the quantification of post-event impacts, taking advantage of the
high resolution and continuous coverage offered by satellite systems.

HAMMON integrates different skills: from satellite data analysis to
environmental modeling, from risk management to artificial intelligence. This
synergy makes it possible to develop high-resolution forecasts of extreme events
and improve risk mapping on the Italian territory, creating an advanced

technological infrastructure for data processing and distribution.

The project represents a concrete example of how space data can generate value
for society: from the protection of critical infrastructures to emergency
management, HAMMON transforms satellite observation into a practical tool for

the resilience of the Italian territory to extreme natural events.
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A data lake for the space economy: the IDL project
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Space exploration and Earth observation generate huge amounts of data from

both satellites and ground-based instruments every day. Efficiently managing,

storing, and making this data accessible is a key challenge.

The Interoperable Data Lake - IDL project, coordinated by Leonardo in
collaboration with INAF, INFN and Thales Alenia Space lItalia, aims to create an

innovative "data lake" service to address this challenge.

The project aims to develop a distributed and interoperable repository based on
the latest generation of open technologies, which supports both scientific
research and industrial applications. IDL addresses the typical challenges of
spatial big data on several fronts: from the management and storage of data, to
its identification and access, to the availability of the computing resources
necessary to process it.

A key aspect of the project is the adoption of international FAIR and IVOA
standards for data description and access. IDL integrates cutting-edge
technologies such as blockchain and Object Storage, optimized for the efficient
management of large volumes of data in a cloud environment. Particular
attention is paid to the security of the system, with a functional architecture that

guarantees appropriate levels of protection in access to satellite data.

The project also includes the development of a simulator capable of generating
synthetic datasets based on real-world operational scenarios. This will allow to
test and validate the data processing algorithms and evaluate the computational
load of the system.
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IDL will provide the scientific and industrial community with a powerful tool to
access and analyze space data efficiently and securely, accelerating the
development of new applications and discoveries in the field of Earth observation

and space exploration.
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The energy transition passes through digital
twins and multi-energy systems: the COMET
project

The energy transition represents a crucial challenge for the energy sector,

requiring a paradigm shift that involves different actors and addresses complex

issues such as regulations, economic drivers and socio-environmental aspects.

In this context, the Co-simulation of Multi-energy systems for Energy Transition
(COMET) project, coordinated by Eni in collaboration with the Politecnico di
Milano and the Politecnico di Torino within Spoke 6, aims to develop an innovative
co-simulation platform based on digital twins to support the design,
development and validation of new solutions and technologies for Multi-Energy
Systems (MES).

MES represent a key element to improve energy efficiency, integrating the
production, distribution, storage and conversion of energy between different
carriers. However, their inherent complexity requires advanced tools for their

analysis and optimization.

COMET addresses this challenge by proposing a platform that allows the creation
of virtual representations of the real world, combining simulation models to
analyze the system from different perspectives (energy distribution, ICT, financial
and regulatory aspects) and on multiple spatio-temporal scales, from the level of
individual homes up to entire cities.
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The COMET platform will be particularly useful for a wide range of actors in the
energy sector: distribution network operators, energy resource aggregators,
public administrators, policy makers, energy managers and energy communities.
The latter, in particular, represent a new emerging figure that aims at the
adoption of renewable sources and storage systems, to encourage self-
production and local consumption of energy, promoting peer-to-peer markets.

The project will not only help improve energy management and reduce carbon
emissions, but will also provide a solid conceptual framework to address the
challenges of the energy transition, offering innovative and sustainable solutions

for the future of energy.
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Sustainable management of natural resources
requires innovative tools to optimize numerical
simulations and improve capabilities

Forecast.

The ML - Blending Machine Learning with advanced numerical simulations
project, coordinated within Spoke 2 by ENI in collaboration with INFN and the
University of Trieste, aims to integrate Machine Learning techniques with
advanced numerical simulations to address the complexities of subsurface flow

modeling and surface infrastructure performance.

Traditionally, simulators based on physical models, such as those for flows in
porous media, require extremely long construction and simulation times, making
it difficult to explore multiple scenarios and manage uncertainties. On the other
hand, the huge amount of data collected by sensors and instruments in

reservoirs is often not adequately exploited to speed up and improve simulations.

The project aims to overcome these limitations by implementing Physics
Informed Machine Learning (PIML) algorithms, an innovative methodology that
combines the predictive potential of neural networks with the physical laws
described by nonlinear differential equations. PIML can be applied both to
forward problems, to estimate the temporal evolution of a quantity of interest,
and to inverse problems, to calibrate the parameters of complex models on the
basis of observed data.
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Expected benefits include:
e Faster, more accurate forecasting of reservoirs and production.

e Improved model calibration process, reducing computational time and
costs.

o Development of generalizable and predictive tools for a more sustainable

management of natural resources.

Thanks to the synergy between industrial and academic expertise, ML represents
a step forward towards the integration of advanced technologies in the energy
transition, helping to optimize the extraction of resources in a more efficient and

responsible way.
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A digital twin for the city of Bologna: the CDT
project

Building virtual copies of complex systems such as cities is a dream that has
fascinated writers, thinkers and scientists from all over the world for decades.
Being able to predict traffic jams, provide real-time suggestions to avoid traffic,
customize the urban mobility experience according to citizens' preferences are
elements that European cities are increasingly aspiring to in order to increase
their attractiveness and the well-being of the people who live there.
Supercomputing, which enables the development of digital twins, makes this

collective dream come true!

In the ICSC National Center, this topic is carried out within the Civic Digital Twin
(CDT) project, coordinated by the Urban Innovation Foundation in partnership
with Cineca, Fondazione Bruno Kessler, the Alma Mater Studiorum — University

of Bologna and the University of Naples "Federico II"

In particular, the project takes the city of Bologna as a model and proposes to
create a digital twin focused on urban mobility. To do this, the project is based on
the most advanced technologies for the analysis of urban systems and,
therefore, exploits high-performance and scalable supercomputing computing
platforms. Due to the complexity of the CDT project, in addition to Spoke 9, ICSC's
Spoke O is also involved, which is responsible for technically defining ICSC's

Supercomputing cloud infrastructure, across the different application domains.
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However, the underlying approach is not only technology-oriented. The project
defines itself as having "civic orientation’, i.e. it incorporates methodologies that
are attentive to citizens and their needs, as well as to their way of living the city.
By addressing sociotechnical challenges and promoting a resilient and inclusive
urban transition, the project aims to create a replicable prototype, marking a

transformative shift in European urban development.

This prototype will not only enable a better understanding and management of
urban mobility for the city of Bologna, on which it is built, but will also serve as a
model for other European cities wishing to undertake similar transformations.
Therefore, its implementation will not only improve the quality of life of
Bolognese citizens, but could also offer innovative and sustainable solutions for

the urban challenges facing communities across Europe.
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innovazione urbana
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HDTS: Digital Twins based on data-driven models

Within Spoke 6, the HDTS - Hybrid Digital Twin for Satellites project is developed
as an additional WP of the ASTRAL project and is coordinated by Thales Alenia
Space Italia in collaboration with the Palitecnico di Milano.

Spoke 6 deals with multiscale modelling & engineering applications deals, on the
one hand, with the computational aspects related to "multiscale modelling" and,
on the other, with the use of HPC and Big Data tools for applications in various

fields of science and engineering.

The use of HPC and Machine Learning (ML) and Artificial Intelligence (Al) tools for
applications in various fields of science and engineering will allow, among other
things, to develop Digital Twins and model-based design methodologies. The
combined power of new methods and new IT architectures will facilitate
innovation, increase efficiency and safety in many critical areas of engineering,

ultimately contributing to the digital transition to a more sustainable future.

The HDTS project proposes model-based and data-driven Digital Twin
algorithms, suitable for describing the dynamics and characteristics of systems
for anomaly detection and predictive diagnostics in space systems.

The physical model of the system will be based on the injection of telemetry data
generated by the on-board units, in order to consider the real operating
conditions and the possible functional and performance degradations due to the

space environment during the life cycle.
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PMIP - Harnessing the power of Artificial
Intelligence for predictive maintenance of
industrial plants

PMIP - Harnessing the power of Artificial Intelligence for predictive maintenance
of industrial plants is a project developed as part of Spoke 2 with ENI as leader,

in partnership with INAF, INFN and the University of Bologna.

The project deals with the development of systems for predictive maintenance
and for the modeling of interdependencies between systems in complex

industrial equipment, using techniques based on Artificial Intelligence.

The project offers significant potential benefits for industry, particularly in

improving the reliability and operational efficiency of complex equipment.

The use of modern techniques based on Artificial Intelligence makes it possible
to anticipate failures and malfunctions through predictive maintenance, reducing
unplanned downtime and optimizing the use of resources. In addition, the
modeling of the interdependencies between the various systems allows a deeper
understanding of the overall behavior of the industrial apparatus, facilitating

more targeted interventions and advanced control strategies.

These benefits translate into increased productivity, increased operational
safety, and reduced O&M costs.
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Making production processes more efficient
through new materials: the PISA project

Spoke 7 hosts PISA - Harnessing HPC: Granarolo's Bio-Driven Revolutlon for
Sustainable Packaging, an IFAB-led project in collaboration with CNR; ENEA,

University of Pisa, University of Trieste and University of Trento.

PISA wants to implement production processes by making them more °
sustainable and focuses on innovation in the packaging of dairy products through |
@

the creation of bio-based plastics, easily recyclable.
INTERNATIONAL FOUNDATION

Current packaging systems combine aluminum or polyethylene foil with paper or BIG DATA AND ARTIFICIAL INTELLIGENCE

. - . FOR HUMAN DEVELOPMENT
cardboard, ensuring durability and preservation of food flavor and freshness,

however, plastic sheets and bags are practically impossible to separate, making

. epe . . . Consiglio M
recycling difficult and, consequently, do not meet the sustainability requirements r Nazionale

. . . . . . . | N ‘Agenz_ia nazioqale perle nuove tecnolcgil_a, 3
towards which many industries are orienting their green transition. dele Ricerche Fenergia e lo sviluppo economico sostenibe UNIVERSITA DI PISA
The project will implement new materials and better solutions for agri-food
industries, supply chains and packaging industries: the new option will therefore NIVERSITA UNIVERSITA
not only bring benefits within the production processes of different sectors, but | TRENTO / BIE'?I% IIESSTT%DI

will also allow for a longer shelf life of dairy products and a more circular

economy, minimizing CO2 emissions associated with the life cycle of packaging.

To achieve this goal, the project will make use of a combined strategy of a wide
range of modeling techniques based on super computing (HPC), which will
simulate workflows, thus allowing the study of the properties of bioplastics,

giving space to biodegradable solutions or solutions from recycled materials.

PIANO NAZIONALE
DI RIPRESA E RESILIENZA Big Data and Quantum Computing

NextGenerationEU *5i¢» e della Ricerca

T Finanziato Ministero . . ¥
- dall'Unione europea dell’Universita i [taliadomani } ( !mgmgucﬁw



Osservatorio sulle tendenze
e le applicazioni del Supercalcolo

08

A Digital Twin for Fault Identification in
Turbogenerators: the TUAI project

TUAI - TUrbogenerator monitoring and Al-based anomaly detection is an
extension of the parent project ASTRAL - Analysis and monitoring (PHM) of
multi-scale critical systems through Artificial Intelligence and is developed within
Spoke 6 under the guidance of Fincantieri in partnership with the University of
Pisa.

The TUAI project seeks to improve production processes in the field of anomaly
detection and predictive diagnostics in the turbomachinery sector, which
concerns the design and production of rotating machines capable of transforming
energy to and from a moving fluid, thus being essential in various industrial
sectors, including energy, aerospace, naval and automotive. More specifically,
turbogenerators are an application consisting of a turbine and an electric
generator and are able to convert mechanical energy into electricity, making
them widely used in power plants.

In fact, TUAI proposes the creation of a Digital Twin of turbogenerators, which
will feed artificial intelligence and machine learning algorithms that will analyze
real and virtual sensors in order to be able not only to detect and predict
anomalies in energy systems, then identifying the causes of these failures, but

will also make it possible to estimate the residual useful life of the devices.

The development of this project will not only mark an improvement in the

effectiveness of the production processes of the companies that will apply it but,
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focusing mainly on turbogenerators and naval applications, it also represents a
valuable contribution to the Italian strategy on artificial intelligence and high-

performance computing for predictive diagnostics.
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NACT: a project for the management of critical
infrastructures

NACT - Management of Critical Transport Infrastructures through Network
Analysis and High Performance Computing is a project led by Ferrovie dello Stato,
within Spoke 6.

This project leverages High Performance Computing (HPC) and Network Analysis
to improve the management of Critical Transport Infrastructures (road and rail
networks). By adopting a multi-level spatial and temporal approach, the project

aims to optimise the efficiency of maintenance interventions.

The innovative use of Network Analysis makes it possible to prioritize
interventions on a national scale, taking into account factors such as structural
obsolescence and Natural Hazards. This approach ensures optimal resource

allocation, improving management effectiveness.

The project defines strategic criteria for ordinary and emergency interventions
based on the relevance of the infrastructure segments and traffic conditions,
thanks to the data processing capabilities offered by High Performance

Computing and the use of Machine Learning models.

Y & 4
FERROVI/E

DELLO STATO

ITAL/IANE

The aim is to develop a decision support system for the efficient management of
road and rail infrastructure, with positive effects on traffic control, the reduction
of socio-economic impacts and the optimisation of the use of resources, thus

contributing to the well-being of communities and economic growth.
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HAIR - Hub for Artificial Intelligence Research

HAIR - Hub for Artificial Intelligence Research is a project carried out within Spoke
0 by Autostrade per ['ltalia, in collaboration with Cineca, ENI, Engineering, INFN,
Leonardo and Terna.

Spoke 0 differs from the other ICSC Spokes because it is not dedicated to a
specific thematic area but is transversal to all, having the task of managing and

coordinating the infrastructure of HPC and big data systems at national level.

Its activities concern the enhancement of the GARR-T computer network, which
will provide dedicated connectivity for research and education at multiples of
Terabit per second, the upgrade of data centers with a focus on energy efficiency,
the increase of HPC and big data resources, the integration and operation of
open-source middleware that allows simple and transparent access to

distributed resources.

In particular, the HAIR Project focuses on the creation of infrastructures to
support research and development in the field of artificial intelligence: Al has in
fact become an essential tool to address a huge variety of use cases with
extraordinary efficiency.

The workflows required are increasingly complex to meet the expectations of
companies, and High Performance Computing is the ideal hardware environment
for such demanding large-scale simulations. At the same time, the integration of
an HPC infrastructure with a customizable cloud environment allows Al services

to be easily adapted to the specific needs of companies.
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Megatrends and  weak
supercomputing and Al

In this section, we will explore the most significant trends and emerging

signals in

innovations that are shaping the development of artificial intelligence and
supercomputing globally. We will analyze three strategic areas destined to
redefine our future: the megatrend that sees a spread of artificial intelligence
applications and techniques used in the military field, the recent developments in
generative artificial intelligence that is changing the approach to Al agents and
finally the latest forecasts for the development and technological evolution of the

high performance computing industry.

These trends are not mere adaptations, but systemic transformations that will

determine how we live, invest and produce in the coming decades.

Al used in the military

Among the 20 Megatrends constantly monitored by the Italian Institute for the
Future is Artificial Intelligence, declined in various areas, including its applications
in the military field.

In 2017, the Future of Life Institute published an open letter signed by thousands
of Al and robotics experts calling on the United Nations to ban lethal autonomous

weapons; since then, the debate on the issue has grown exponentially.
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Autonomous weapons stand out for their ability to autonomously identify their
target and hit it without human intervention, such as war drones, trained through
machine learning, thanks to which they learn to distinguish the selected target

among many different signals.

What is a Megatrend?
Megatrends are major transformative forces that have a profound and lasting
impact on society, the economy, the environment and technology. These are
long-term trends (typically decades) that significantly affect multiple aspects
of human life and economic systems.
The main characteristics of megatrends are:

o Decades-long term

e Global or large geographic impact

e (ross-cutting effects across multiple industries and scopes

o Ability to structurally change behaviors and systems

The United States is equipping itself with this type of technology, for example for
the JEDI project, a proprietary cloud infrastructure on which to run machine
learning algorithms for military use, an investment of 10 billion dollars has been
made, the US Air Force has instead invested five million in startups with the aim
of signing real supply contracts: one of them, Affectiva, which is working on Als
that understand human emotions, has turned down CIA funding to employ these

algorithms in its intelligence programs. In 2018, thousands of Google employees
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signed an open letter to their top management asking for the abandonment of
an important order that the company had received from the Pentagon for the
development of facial recognition algorithms to be applied to autonomous
weapons, Google then abandoned the project and subsequently Microsoft was
also involved in a protest by its employees for the almost 500 million dollars
received from the Pentagon to apply the HoloLens for augmented reality to the
helmets of the US army, but the company has chosen to confirm the contract

with the army.

Even in China, the BAT giants have forged ties with the government that could
hide future military uses, there are also several companies active in the pattern
recognition sector that work with the government for security purposes, in
particular in facial recognition: this is the case of Megvii, whose system is used
by for digital payments and which collaborates with the Chinese Ministry of

Security for the recognition of citizens.

The development of Al Agents

Among the phenomena reported as "strenghtening’ within the Finnish Futures
Platform are Al services and agents: with the rapid development of artificial
intelligence, more and more services are in fact exploiting its potential
customizable voice assistants, for example, although not new, are reaching a new
level of user engagement, as Meta will soon allow you to select the voice of your

Al-powered personal agents. This offering satisfies users' demand for
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personalization, combining it with fan culture and thus eliciting emotional

connections and memories related to these familiar voices.

Figure 10: Use of Al Agents to chat with
historical ~ figures  (Credits:  ICSC
Observatory, image generated with Al)

Al applications in the digital
bereavement industry are
another growing aspect:
specialized companies create
digital replicas of deceased
loved ones using photos, texts,

audio, and video of the

deceased, so that these replicas
can participate in video calls, chat, or appear on frame-like tablets as moving and
talking images. In culturally receptive markets such as China, where confiding in
the deceased is a long tradition, such services are increasingly popular, and a
fierce price war has made them accessible to the general public. Another novelty
is the ability of Al to simulate conversations with historical figures, chatting with
them about their lives, their times and their thoughts, although this type of
interaction may arouse more interest in history, ethical concerns arise about

factual inaccuracies, the possibility of chatting with controversial historical
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figures, with the risk of representing them in ways that minimize their actions,

all the more so considering that this type of learning does not favor critical
thinking of users.

Chiplets as a new frontier in the HPC industry

During the EuroHPC Summit 2025, held in Krakow, the Future Frontiers in the
field of Supercomputing were presented.

Reticule size wall

- Disaggregated|Architecture
. for manufactuding efficiency

Power wall

Heterogeneous architecture
for energy efficiency

Frequency wall

Many-core architecture
for parallelism

Mono-core architecture .
for single thread
performance

NIC Mem NIC

LT

e e e o o e
LU LD

20105

Finanziato
dall'Unione europea
NextGenerationEU

Ministero
dell’Universita
e della Ricerca

'2020s...

In particular, the future evolution of microprocessors was discussed: as can be
seen in the timeline described in the Figure 11 in the 2010s there was a transition
from Mono-core to Many-core and Heterogeneous Architectures, aiming
towards Energy Efficiency in 2020. In the 2030s, the focus is expected to be on

disaggregated architectures and the introduction of chiplets for better production
and cost efficiency.
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Figure 11: Evolution of
computer elements
(EuroHPC Summit 2025,

Future Frontiers in
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The evolution envisaged for chiplets can take two paths: on the one hand, the
improvement of the basic functions can lead them to be reused for different
solutions by becoming ‘chiplet building IP blocks) in this way it will be easier to
separate the hardware from the software, making the computing environment

more flexible and

easier for end users to manage. On the other hand, accelerators will provide

differentiation, improving performance for specific tasks.

Trends in the supercomputing market also highlight a significant shift towards
more specialized hardware, in particular focusing on systems that use
accelerators to achieve the best performance per watt and chiplets that will be
destined to become the new "IP", offering modular and reusable components for
different solutions. However, a free market for chiplets is not expected before
2030.

The future also presents challenges for software ecosystems: on the one hand,
there is an increasing need to optimize HPC codes for chiplets, with the chiplet
market set to grow, and on the other hand, mixed-precision performance is being

explored, increasing software complexity.
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Observatory on Supercomputing trends and applications (2025). "Observations
on... SUPERCOMPUTING AND ARTIFICIAL INTELLIGENCE. Trends and applications
of Supercomputing, Big Data and

Quantum Computing"

www.osservatorio.supercomputing-icsc.it

In conjunction with the report, the Observatory organizes a webinar on the same
topic. The webinar hosts experts, researchers and innovation professionals who
are interested in the topic at hand, to share use cases and future applications
with the community.

Register or watch the webinar on
Live Webinar: Observations on... supercomputing and artificial intelligence -
ICSC Observatory

The Observatory on Supercomputing Trends and Applications is a project of the

National Research Center in High-Performance Computing, Big Data and

Quantum Computing.

Created and managed by IFAB (International Foundation Big Data and Artificial

Intelligence for Human Development), the Observatory has a privileged focus on

SMEs, Public Administrations and Communities.

The Observatory's activity consists in mapping the most

advanced technological innovations, developing future

scenarios for the development of research and innovation

ecosystems and creating opportunities for the members of

these ecosystems to meet.

Read this and other reports on

www.osservatorio.supercomputing-icsc.it/report/
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