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Agenda

« What about Al?

 Scientific method and Al impacts

« What scientists are doing?

« Al in the Research Lifecycle

* What NRENS are offering to support researchers in using Al? What's next?

« And Al for NRENS, can you turn your NREN a data-driven organisations? What’s next?
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Artificial
. 1940-1950 - first intelligent algorithms Intellicence (Al
A blt Of the and turing test g )

evolution of Al

Machine Learning
1959-1960 — mLand (ML)

first chatbot ”Eliza”

B L]
&

Deep Learning

. 19701980 = expeft systems
@ N - bt é
" ) . . ® : ad . -
. 1990 — computer vision Generative Al

Large Language
Models (LLM)

2010- deep learning

popularity

2020 - generative Al
popularity

For example:

ChatGPT



CMS Experiment at the LHC, CERN

Data recorded: 2018-Sep-06 05:06:55.343296 GMT
Run / Event / LS: 322332 / 851591650 / 487

detect anomalies

Predicts failures..

_T___-J_’___redict.particle trajectories

—

\ Quantum Machine Learning (QML)



The progression of the scientific method: e-Science

Driven by data analysis and computational methods

Empirical
Science

1st Paradigm

Observations
Experimentation

Theoretical
Science

2n Paradigm

Scientific laws
Physics, biology,
chemistry, etc

Increasing speed, automation, and scale

R

Computational
Science

3 Paradigm

Simulations
Molecular dynamics
Mechanistic models

Big Data-driven
Science

4™ Paradigm

Big data, machine learning
Patterns, anomalies
Visualization

‘ Method
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Scientific knowledge at scale

Al generated hypotheses

Autonomous testing

Source: Adapted from Pyzer-Knapp, E.O., Pitera, J.W., Staar, P.W.J. et al. Accelerating materials discovery using artificial intelligence, high performance computing and robotics.npj Comput Mater 8, 84 (2022)

1600s

1950s

2000s

2020s

GEANT.ORG
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High-quality,
accurate, and
comprehensive
DATASETS

are essential for
training Al mode
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Al is a critical part of the Research Data Management

Data Management Planning tools

e.g. DMPonline, Argos, EasyDMP, Haplo, RDM
Organizer, Data Stewardship Wizard...

Collect &

Research Information
Storage

Management (CRIS) Systems

Research

Data

e.g. Elsevier Pure, Symplectic Elementes,
CRIStin, Converis

Lifecycle

Process &
Analyse

Digital preservation tools and
archival storage

Preserve

e.g. Archivematica, Preservica, BitCurator,
Ex Libris Rosetta, Arkivium

Data repository platforms

e.g. Dspace, Figshare, Oslandora,
InvenioRDM, Dataverse, Dryad, GitLab,...

Eletronic Lab Notebooks

e.g. Jupyter, Rspace, LabTrove,
SciNote, Benchling, Collab,...

Analysis and Workflow Tools

e.g. Matlab, R, SPSS, ArcGIS,
Tavema, MyExperiment, TensorFlow,
PyTorch, Spark, Keras, ... Al, Al and Al

Compute and Sync Platforms

e.g. in-house/edge GPUs, Quantum, QKD, AWS, Azure,

OneDrive, GoogleDrive, ownCloud, NextCloud, rsync,
SFTP, SCP, Spark Streaming, Kafka, Teradata,
RedShift....
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Al is a critical part of the Research Data Management

) Data repository platforms
Data Management Planning tools

e.g. Dspace, Figshare, Oslandora,

e.g. DMPonline, Argos, EasyDMP, Haplo, RDM InvenioRDM, Dataverse, Dryad, GitLab,...

Organizer, Data Stewardship Wizard...

Research Information
Management (CRIS) Systems

etronic Lab Notebooks

Research

e.g. Jupyter, Rspace, LabTrove,
SciNote, Benchling, Collab,...

Data

e.g. Elsevier Pure, Symplectic Elementes,
CRIStin, Converis

Lifecycle

Analysis and Workflow Tools

Process &
Analyse

e.g. Matlab, R, SPSS, ArcGIS,
Tavema, MyExperiment, TensorFlow,
PyTorch, Spark, Keras, ... Al, Al and Al

Digital preservation tools and
archival storage

Preserve Compute and Sync Platforms

e.g. Archivematica, Preservica, BitCurator,
Ex Libris Rosetta, Arkivium

e.g. in-house/edge GPUs, Quantum, QKD, AWS, Azure,
OneDrive, GoogleDrive, ownCloud, NextCloud, rsync,
~ SFTP, SCP, Spark Streaming, Kafka, Teradata,
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For expansive workloads of simulations

the promise are exascale and quantum.



https://spectrum.ieee.org/europe-s-exascale-supercomputer
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Most significant challenges in Al infrastructure

~ ’ Latency

Hiring the right people

Qur architecture is good for certain
Al/ML applications but not others

Labeling

Scaling

Monitoring, observing and
explaining your models

Compliance/Security

How to continually update and train
our models

Source: Al Infrastructure Ecosystem — Al Infrastructure Alliance (July, 2022)






...and is giving the floor to security and trust discussions

lainable Al to privacy issues...

but also trust & identity issues and the need of Trusted Research Environments




' wff;ﬁMore complex environment...
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R&D personnel by sector, 2023
(% of total employment, based on full-time equivalents)

. Where are EU R&D personnel?
Euro area (%)

Sweden (')

! E———— 0/ M
Diilg{ﬁ;r:tt‘]: I 56. 6 O of FTEs researchers are in b U Sl nESS
enmark (’
3 1 . 8% in higher education

Netherands (*)(%)
10.2 % in government and non-profit organisations

Finland
Germany (")
Slovenia (")

France (")
Czechia ("%
Luxembaourg (")(*)
Portugal (')
Ireland ()(%)
Italy (*))
Hungary {7)
Paland (*)
Estonia

Spain (")
Greece (')
Bulgana ()
Malta {’!
Croatia (')
Lithuania {")(")
Slovakia
Labaia {7)
Romania (")
Cyprus (")

= Business enterprise sector

lceland Government sector
Switzerland t?mt*}
Morway ()(*)(%)

Torkiye {*){™)
Serbia

= Higher education sector
= Private non-profit sector

Bosnia and Herzegovina (%)
0.0 05 1.0 15 20 25

eurostat|
Source: Eurostat, 2023. https://ec.europa.eu/eurostat/statistics-explained /index.p hp?title=R%26D_personnel


https://ec.europa.eu/eurostat/statistics-explained/index.php?title=R%26D_personnel
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Research infrastructures (RIs) — are being shared!

Types of services offered to the industry

Accessto cars [ ¢7%

49% of RIs regularly cooperate with industry
Access to facilities — 63%

other I 75 1 ()/
9 O are planning to expand cooperation with industry

0% 20% 40% 60% 80% 100%

*Other: personnel, computing/data facilities, training, joint development,...

“The cooperation between Research Infrastructures (Rls) and industry plays a crucial role in achieving scientific excellence and fostering

innovation potential. However, the level of cooperation and its challenges remain less defined and monitored.” (ESFRI,2023)

Source: Bucar, M., Gerdina, O. and Brecko, B. Cooperation of ESFRI Research Infrastructures (Landmarks) with Industry Published July, 2023. https://zenodo.org/records/8205249


https://zenodo.org/records/8205249
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Going deeper on the Researcher needs

on Research Data Management

Data Management Planning tools

e.g. DMPonline, Argos, EasyDMP, Haplo, RDM
Organizer, Data Stewardship Wizard...

Research Information
Management (CRIS) Systems

e.g. Elsevier Pure, Symplectic Elementes,
CRIStin, Converis

Digital preservation tools and
archival storage

e.g. Archivematica, Preservica, BitCurator,
Ex Libris Rosetta, Arkivium

Data repository platforms

Collect &
Storage

Research

Data

Lifecycle

Process &
Analyse

Preserve

e.g. Dspace, Figshare, Oslandora,
InvenioRDM, Dataverse, Dryad, GitLab,...

Eletronic Lab Notebooks

e.g. Jupyter, Rspace, LabTrove,
SciNote, Benchling, Collab,...

Analysis and Workflow Tools

e.g. Matlab, R, SPSS, ArcGIS,
Taverna, MyExperiment, TensorFlow,
PyTorch, Spark, Keras, ... Al, Al and Al

Compute and Sync Platforms

e.g. in-house/edge GPUs, Quantum, QKD, AWS, Azure,
OneDrive, GoogleDrive, ownCloud, NextCloud, rsync,
SFTP, SCP, Spark Streaming, Kafka, Teradata,
Redshift....
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esearcner neeas

on Research Data Management

The e-Infrastructure triad

- data
- compute
- networking

Collect &
Storage

Research

Data

Lifecycle

Process &
Analyse

Share

Preserve

O
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Researcher needs
on Research Data Management
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What NRENs are doing?

Some NRENs are aware and are also mapping it
to improve services offers and research support;

e.g.: file sender, cloud, data catalogs, PID services, data repositories, research

data planning, SUNET drive, SURF drive, TREs,...

Actively participating/supporting data initiatives

e.g.: EOSC, Dataspaces, EUDAT, and user communities like SKAO, Copernicus,...

e.g.: RalD SURF

| SURF Data Services

m“nm

ampeosror

NRENSs run essential services on supporting data exchanges;

Some NRENs are running specific services on the support of the RDM:

others are working on procurement frameworks for RDM services;

Building really interesting things on metadata management;

| GEANT.ORG
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https://www.jisc.ac.uk/guides/rdm-toolkit
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B\)‘ - Netwoking Stack

(and NRENs' services focus)

transport

network

link

pre-2000...
connectivity,
performance,

distributed

apps...

Source: Ins pired by the evolution of networking research (By Jim Kurose) - 2021
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Netwoking Stack
(and NRENs' services focus)

transport

network

link

pre-2000...
connectivity,
performance,

distributed

apps...

Source: Ins pired by the evolution of networking research (By Jim Kurose) - 2021

Al
Applications

Compound
Services

Discrete
Services

Auto ML
Platforms

Manual ML
Platforms

ML
Frameworks

Data
Types

Data

Compute
Virtualization

Compute
Hardware

Storage
Infrastructure

Security

Deployment
Target

Al/ML Stack

Network:

Security Home security

Fraud Detection

Warehouse
automation

Robatic
surgery

Product Recommendation

Autonomaous

Vehicles Risk Analysis

Risk Analytics

Supply Chain
Optimization

Natural resource

e Customer

Auto Data Cleansing

Chatbots

(Cognitive RPA) Eupeeit

m; . s":‘:"‘ 10 | Toxt to speech mn'f;lgh":z:m s:r"::;"‘:' P:n’ﬁy“::y Form Recognition | Video Indexing | ink Recognition | :m .
AUTO ML platforms
(they let you focus on the business problem and they manage al th models, tuning,
model mgmt and infrastructure that's required for dev, test, and producﬁon Exu'nplu Google AutoML)
ML Platforms. ilt sof Model Of /
L S | D21 Processing Tools | ogel A';m""”isi"o"nf""‘ re-bult sof Rationalization
ML Googlo ML) ng (e9. AWS Sagemaker NEO)
0 Horovod
MXNet TensorFlow Chainer Gluon PyTorch el )
Structured Data Unsg-y&tumd [‘):I(j? Semi-structured data Time series data
Big Data Pr Data Orch ion & Analytics & . NoSQL/Non-relational
Data Warehouse | ;" vapreducaiadoos) | ETL (& ELT) Visualization | Relational Databases | 5 pgeq
A . Serverless
Virtual Machines Containers (0.9. AWS Lambda, Microsoft Functions)
Inference + Training Accelerators GPUs CPUs
(e.g. AWS Inferentia, Google TPU, etc.) (NVIDIA, ARM, etc.) (Many)
File storage Object storage Block storage Hybrid storage e HIRE DT

Virtual Network

Connectivity

Domain Name Services

storage

systems

Direct Cor

g Services

Identity & Access
Mgmt

Cloud
(AWS, Google, Azure)

Directory Services

Datacenter

authentication

Mutti-factor
control

Mobile

Role based access

Firewalls Encryption & PKI
loT Edge
(Camera, Raspberry Pi, etc.) | (Vehicle, Factory, etc.)

Source: A Simplified view of the Al/ML stack
‘httos/ /ww wlinkedincom/pul se/simplified-view-aiml-stack-trov-angrignon/



https://www.linkedin.com/pulse/simplified-view-aiml-stack-troy-angrignon/

Netwoking Stack
(and NRENs' services focus)

application

from 2010...
data centers,
cloud,
Saas,
mobility

Source: Ins pired by the evolution of networking research (By Jim Kurose) - 2021

Al
Applications

Compound
Services

Discrete
Services

Auto ML
Platforms

Manual ML
Platforms

ML
Frameworks

Data
Types

Data

Compute
Virtualization

Compute
Hardware

Storage
Infrastructure

Network

Security

Deployment
Target

Al/ML Stack

GEANT.ORG

Network

Securty | Home security

Fraud Detection

Product Recommendation

Speaker Speech to

Warehouse Robatic
automation surgery Vehicles

Autonomous Risk Analysis.

Risk Analytics

Auto Data Gleansing

Supply Chain | Natural resource
Optimization

optimization

Chatbots

Back-office Gust
automation sl
(Cognitive RPA) [

e = Text ta speech “;’::h“:"fm s::e::;‘:-“ P‘:ﬂ“ﬁ'y‘;‘;" Form Recognition | Video Indexing | Ink Recogrition [ F"f“:ﬁm
AUTO ML platforms
(they let you focus on the business problem and they lying models, tuning,
maodel mgmt and infrastructure that's required for dev, test, and production. Examples: Google AutoML)
ML Platforms { pata Processing Tools ’ ) Al Infrastructure | Pre-built Model O /
fe.g. AWS Sagemaker, Azure Model Diagnostics v Rationalization
ML, Googlo ML) (e.g. Data labelling services) provisioning stacks (og. AWS NEO)
0 Horovod
MXNet TensorFlow Chainer Gluon PyTorch {and many others)
Structured Data Unstructured Data Semi-structured data Time series data
Gopyright 2020 Troy AP, Varsion 2
Big Data Processing | Data Orchestration & Analytics & B NoSQL/Non-relational
Data Warehouse | . 0" opRecticertiadoop) | ETL (& ELTY) Visualization | Retational Databases databases
o 5 Serverless
M AT (e.g. AWS Lambda, Microsoft Functions)
Inference + Training Accelerators GPUs CPUs
(e.g. AWS Inferentia, Google TPU, etc.) (NVIDIA, ARM, etc.) (Many)

s . 5 Archiving & Backup Bulk data transfer
File storage Object storage Block storage Hybrid storage storage systoms
Virtual Network Connectivity Domain Name Services Direct Connections Load Balancing Services

Identity & Access i 5 Multi-factor Role based access . 9
Mgmt Directory Services A ] Firewalls Encryption & PKI
Cloud loT Edge
(AWS, Google, Azure) = L B (Camera, Raspberry Pi, etc.) | (Vehicle, Factory, etc.)

Source: A Simplified view of the Al/ML stack
‘httos/ /ww wlinkedincom/pul se/simplified-view-aiml-stack-trov-angrignon/
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ULAKBIM I

Faroe
Islands Norway

Virtual machines/laa$ LITNET

In 2023 storage and hosting services surpassed

the security services in NRENs portfolio. - e

FileSender

s Denmark
United
Services categories shares in 2023 Kingdom'
Isle of Man
Ireland Poland
@ network_services 0N
@ storage_and_hosting )
@ securty
@ isp_support Bgigiom
professional_services Luxembourg Czechis
® identity Slovakia
® collaboration
@ multimedia Ausfiia
Hun,
[y Switzerland g9y
S\ovm}m Roffilinia
Croatia
Services categories shares by year >
6 . 2022 Monaco Sérbia
DNS hsting .
Andorra _ Kasovo Bulgaria Georgi
network_services oo eorgia
FileSender sl
Albania”
security Virtual machines/laas Arfieila Ag@baijan
,’,' Spain Greece. PN 3 >
Cloud storage (end user) I P

2nd most offered """ Web hosting

services by professional_services
NRENSs in Europe dentity

Gibraltar Maita

Content delivery hosting Cyfiis Syria

SaaS

collaboration Housing/co-location

multimedia Disaster recovery

0 5 10 15 20 25 30







Where is the data?___

Unstructured Data

................................. wanb DGCUH!HTE
.................................... SPREADSHEETS
--------------------------- PRESENTATIONS
------------------ oo SOCIAL MEDIA POSTS

e Rl L L L B T B n D [ E
O OPERATIONAL DATA (LOGs. Measurements)
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The secret of data science is‘ that the tools are
almostirrelevant... ‘

Fonte: Patil & Mason, Data Driven,
Creating a Data Culture, 2015.



WE NEED THE RIGHT QUESTIONS
TO SUPPORT DECISION MAKING




85% of big data projects fail

(Gartner)

87% of data science projects
will never go to production

(VentureBeat)

Fonte: https://www.datascience-pm.com/project-failures/



https://www.datascience-pm.com/project-failures/

Decision

Making

The process of
choosing the most
suitable path for
business
decisions.




Conditions for
Decision Making

+ data + information

Certainty
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Lots of questions...

Where is the NREN’s data?

Does we have the right business questions?

Does we have the right operational questions?

What are the risks and impacts? (skills, reliability, security, GDPR,...)

Are we sharing data with other NRENs? Can we share models?

How we will be organising our community to share experiences?
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What’s next?

1.What are the current Al use cases in your
organisation? Or potential uses?

2.What are the top 3 Al-driven projects or initiatives you'd
like to see in your organisation / NREN / GEANT in the
next 2-3 years?

3.What are the key challenges, ethical considerations and
potential risks associated with Al in NRENS?



G'ANTQ

Thank You

Any questions?

www.geant.org

Co-funded by
the European Union

danibrauner

daniela.brauner@geant.org
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