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Thought experiments

THE
NOBEL
PRIZE

Nobel Price in Physics 2022
For groundbreaking experiments using entangled
guantum states, where two particles behave like a
single unit even when they are separated

Einstein, Bohr and their Photon Box... . e .
a kind of experiment that Nobel Price in Physics 2023

Schraédinger C°"5‘de'”ei;"r“2‘(’]fisz‘:'e for experimental methods that generate
attosecond pulses of light for the study of electron
dynamics in matter
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ey
Why Most Published Research Findings

Are False

John P.A.loannidis

@ PLoS Medicine | www.plosmedicine.org 0696 August 2005 | Volume 2 | Issue 8 | e124

Summary

Thzieis increasing concern that most
current published research findings are
false.The probability that a research claim
is true may depend on study power and

bias, the number of other studies on the
same question, and, importantly, the ratio
of true to no relationships among the
relationships probed in each scientific
field. In this framework, a research finding
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Third generation Mid-Scale Test Platforms

=
=\
TN PAWR Project office

Platforms for Advanced Wireless Research |
One Year On: Progress, Lessons, New Investments -

Abhimanyu Gosain . \
Technical Program Director * . > ; AN
@ Northeastern : 3

https://www.advancedwir,eless‘.org/ . \
May 23,2019 ¢ SN

USA NSF PAWR (Platforms for EU Horizon Europe Japan NICT R&D Ch!na CENI . .

: ICT 17-19-52, 2018-2022, Shared Open Platform Chinese Experimental National
Advanced Wireless Research): NSF + 205 M€ 200 M$ Infrastructure
Industry, 100M€, 2017-2022

SNS Stream C, 2 calls, 2022- 2022-2026 2018-2022

NSF Fabric: NSF, 20 M€, 2019-2023 + 2027, 25+xM€ 190 M€
Colosseum: NSF-DARPA, 20+7,5MS, Future Network testbeds
2017-2025. CSTNET test platform

BRIDGES: NSF, 2.5M€, 2020-2024
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6G (Digital Infrastructures) Research Infrastructures?

—— slicesn
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ESFRI
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: ; MAKING SCIENCE HAPPEN
: é ® ® A new ambition for Research Infrastructures in the European Research Area
@ S http://www.esfri.eu/

Research
Infrastructures as a
Scientific Instrument

= slicesni
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From mid-Scale (~100M<€) to Large-Scale (~*B€)

MAKING SCIENCE HAPPEN

Anow i frResenre e it arspsn oo s The Euro pean ESFRI framework
European Strategy Forum on Research Infrastructures

Excellent Science Global Challenges and European Innovative Europe
Industrial Competitiveness

Supporting a scientific methodology

a) Clusters
* Health
* Culture, Creativity & Inclusive

a) European Innovation

Society
* Civil Security for Society

+ Digital, Industry & Space

» Climate, Energy & Mobility

* Food, Bioeconomy, Natural
Resources, Agriculture &

B s Joint investment strategy between EU and Member States

Innovation and

Technology

http://www.esfri.eu/

Widening Participation and Strengthening the European Research Area

a) Widening Participation and Spreading Excellence b) Reforming and Enhancing the European R&! System

—" inces e
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http://www.esfri.eu/

SLICES, first in digital sciences to
entered the ESFRlI Roadmap 2021

* Launched in 2017, SLICES is an Rl to support the academic and industrial
research community that will design, develop and deploy the Next
Generation of Digital Infrastructures:

* SLICES-RI is a distributed Rl providing several specialized instruments on
challenging research areas of Digital Infrastructures, by aggregatin
networking, computing and storage resources across countries, nodes an
sites.

* Scientific domains: networking protocols, radio technologies, services, data
collection, parallel and distributed computing and in particular cloud and
edge-based computing architectures and services.

www.slices-ri.eu

Strategy Report on Research Infrastructures

ROADMAP 2021 p

Data
catalogues

Value-added
services

Resources
acquisition

Resources
Provision

= glices
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http://www.slices-ri.eu/

SLICES for research on Digital Infrastructures

10 - +=E=_ ] D=2

Initiated in 2017, 25 partners from 15 countries:

e 12 political support from National Ministries Im
* included in 7 national roadmaps

SLICES will enable scientific excellence and breakthrough
and will foster innovation in the ICT domain, strengthening
the impact of European research, while contributing to
European agenda to address societal challenges, and in

particular, the twin transition to a sustainable and digital
economy.

OPENRIT 6G, Cape Town, March 20, 2024



SLICES timeline

2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042
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= slicesps

= slicesrp

IMPLEMENTATION

CONTINUOUS UPGRADE
[ prewe H o Fuwmel ]

OPERATION

]
: I
Blueprint deployment J : TERMINATION
]
]
]
1
]

[
Legal structure established J

MoU-1 I

Full operation funding secured and full staff in place J

Services opened No 15% No

S Sl CeS R e —
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Prioritisation of research topics
What’s the methodology behind it?

Indus.
verticals
demand

Al-centric
Dls

Cloud-to-
Edge
scalable

Human- Dls

centric Dis

/o New waveforms, higher frequencies

up to THz.

o Spectrum and wireless
management.

o Integrated sensing and
communication.

o Heterogeneous radio management.

ADVANCED WIRELESS
NETWORKING |

[ Breaking down in priority research topics ]

/o Advanced protocols and

architectures (virtualization,
softwarization, programmability).

o Al applied to infrastructure
operation and optimization.

o Generation of data to train
algorithms.

o Distribution of intelligence into (and
beyond) the Edge of the network.
SMART INFRASTRUCTURE P
OPERATION AND '
MANAGEMENT

'/o Fog/Edge/cloud hyper converged
infras

o Software component deployment.

o Distributed resource management &
microservices.

o Geo-distributed data management.
o Federated deep learning.
o Datacentres infras for distributed

systems, appli. and software stacks.
DESIGN & VALIDATION

OF NEW DIs AND HYPER-‘-“"'/
CONVERGED INFRAS

~

ENERGY EFFICIENCY AND
CARBON FOOTPRINT

SECURITY AND PRIVACY
|

"o New challenges arising from the

verticals and the ubiquitous
networks.

o Interoperability, composable
infrastructure services on-demand
(RI as a Service).

o Seamless user experiences across
technologies and domains.

ADVANCED ,,
FUNCTIONALITIES |

—— slicesn

[ Simultaneous but progressive exploration of research topics ]
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A Blueprint?

e A blueprint is an initial '‘product backlog' and accompanying
documents, representing the main requirements for the project

e Define a common terminology that doesn't require in-depth,
technical knowledge

e Pick up the right resources, be iterative, review and validate, and
keep it as a baseline.

e A baseline system can be built to validate requirements

= glices
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5-G Blueprint GEANT

»F1, E1, E2, 01,02

N1,N3,E2, O1, 02

OPEN A|R (fég) (gg) Public/Private Cloud
B NI RE AL (()) ((())) @

ORAN A A ===

. (gg) (gfg) SD-FABRIC

slicesn:
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Reference implementation (1/2

 pos + Terraform (AWS, GCP, OpenStack) + Ansible for xp

¢ github.com/dsaucez/SLICES/tree/develop/sopnode @ [} @ :
C C I e S 0 ji
= O dsaucez / SLICES Q Type (7 to search > +~|[o](n|la]d

<> Code (O Issues 17 11 Pullrequests 1 ) Discussions () Actions [ Projects [0 wiki @ Security 4

 Baremetal + kubernetes + docker + VM

¥ develop e M, dsaucez simplify to use defaults 5829079 - last month D) History
Q Gotofile t
[ d This branch is 36 commits ahead of, 22 commits behind main . 1% Contribute ~
. n I r n r r r n > [ .devcontainer
> I8 Automation
Name Last commit message Last commit date
> [l SONIC

docs

* Software and/or hardware radio and acceleratots(USRP;AW2S, -~ =
Tofino) FeER = B

> B DHCP M multus non conflicting range last year
> B aether
¥ netbox installation and backup 8 months ago
° ° ° > M ansible
* Automatic publication o ata and metadata i
> B multus 8 traces notes on the investigation of the broke... last year
> I8 netbox e
[ connectivity.md DEPRECATED 8 months ago
> B terraform
a [ installation.md 5GC integration last year
> B traces
[ connectivity.md [ logbook.md Update logbook.md last year
O installation.md O registry.md Certificate creation last year
[ logbook.md
[ summer-school.md full documentation (#15) last year
[ registry.md

[ summer-school.md

L]
= slices I S
[ .gitmodules

aa— O ucense
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= slicessc

SLICES Blueprint

Docs / SLICES Blueprint

SLICES Blueprint

We are currently working on a newer version of the blueprint reference implementation that may break the hands‘on presented in this
document

During this transition if you want to practice with our hands'on please follow

Dedicated network = L) 172.22.10024

Reference implementation (2/2

 Complete documentation and SLICES Academy integration

Slices Academy | Sclentific Lo+ X+

c slices-ri.eu O @ incognito ((Update

®

slicesrli

Seiantitic

structure for Computing/Communication Exps

Architecture
https: slices-ri v nds-on-within-the-eu-slices-ri-research-infrastructure/ Slices Academy
Deployment setup
Bil of Materials (B0M) This documentation describes the SLICES blueprint. Historically blueprints were used to produce unlimited numbers of accurate copies of
plans. For SLICES, the concept is taken to allow each site to reproduce software and hardware architectures on the SLICES sites and nodes.
Switches The SLICES blueprint targets testbed owners and operators, it is not intended to be used by experimenters or testbed users. The blueprint is an
e way to eventually reach a unified architecture between sites and nodes composing SLICES and easily onboard members to fields of research
that may not be their core business and so learn about the needs and best practices to make SLICES a success.
Cabling and Mech
With the blueprint, sites are able to deploy and operate partial or full 5G networks, with simulated and/or hardware components.
RU
VEs The blueprint is designed in a modular way such that one can either deploy it fully or only partially. For example, people only interested in 56
can only deploy the core and use a simulated RAN while people interested only by the RAN can just deploy a RAN, assuming they have access
Contact and Support 10 a core (e.g., via the SLICE central node or another partner). Advanced users may even deploy a core and connect it with multiple RANs
Architecture
In this blueprint, the core and RAN are. with (see https://gitlab eurecom.fr/oai/cn5g/0ai-cn5g-fed for details)
that are deployed in kubernetes clusters that can be remotely connected as shown in the figure below.
- Training Events Webinars theNetworkingChannel Moocs Code Repository
5G core cluste, blueprint namespace
v v <
IUDR luom |AUSF INRF
pod network 10244 G016
T2z2foan T2z2foTm i

72.22.10.1724

00.10.1/24

100.10024

OpenDaylight Quick overview of Running
Gt he portal and first a testbe

FReE FReE FReE FREE
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SLICES and EOSC
Interoperability and
Integration

EOSC: European Open Science Cloud

https://eosc-portal.eu/

3 EUROPEAN OPEN
E SCIENCE CLOUD




6G Federated Data Infrastructure?

—— slicesn
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SLICES contribution to the development of the EOSC

— slices

EUROPEAN OPEN
SCIENCE CLOUD

H1 Enable experimentation at multiple
network levels through SLICES RI
]

Physical Edge Cloud
@) Physical Edge Data
((@\3\@\((@)— Network Center
Functions g‘;:'l'\'l\_?;/ Core
Physical Physical | \penc Network
§ § § = | Network Network —|—————— Functions
2 Functions Functions
Core
Physical Data
((;Ai)) m@ = | Network Center
Functions

Allow experimentation with future/emerging digital, IT and
network technologies (e.g., 6G, 10T, Edge, Al, hyper-converged
infrastructure).

= glices

Objectives: federate existing research data infrastructures in Europe and

realise a web of FAIR data and related services for science.

EU-wide availability of

unique Software and App Repositories

* |ICT research-related services (e.g., testing

new infrastructure and network solutions);
* Applications deployed within SLICES;
* Simulation tools;
* Data analysis tools.

Published in the EOSC Catalog and Marketplace

and accessible with different access options.

o

open access

1l
|

Orderable via
provider channel

@ EOSC-hub

Orderable via
EOSC hub

OPENRIT 6G, Cape Town, March 20, 2024

Interoperability with
Open and FAIR data

Producers of unique data;

* Maximize data reuse by adopting of
FAIR data principles in Data
Management and Governance;

* Processing of sensitive and personal

information.

#a Integration of the
SLICES communities to EOSC

* SLICES community building
More than 120 participants to the 1t SLICES
workshop;
Thousands of users of existing infrastructures.

* Training services




SLICES-RI
support for Open Data .




SLICES infrastructure and Services

Compute, Storage, Network

Resources (cloud/edge)

Experimental facilities
(testbeds, labs, verticals)

Mobile

/" Core network Rls (e.g., GEANT)

o @ o AN  reicracdrn 1 || edeeris
= = A services EML,
& ¢ & Resource Directory
B g & AP
Storage Rls o Budgeting (oW
v Resource scheduling wn
| )| W/f & orchestration L
J O O
aw|| Computing and Storage Ul')
%) services \\/
HPCRIs (e.g., EGI) (e.g., POZNAN, Sorbonne) )
—— —— Service composition e
e A5 02
e e - Resource discovery =
RN, | o ovee @
\SLICES Infra & SerV|cey
D
— slices

caE——
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SLICES FAIR DIGITAL OBJECT (SFDO)

e Data Standards to support Open Data
* Flexible and Open Metadata Model e
Hierarchical Implemente Machine-
Metadata Registry readable/actionable

* FAIR compliance Metadata
* Data Licensing and Access Metadata

* Data Policies to support Open Data Management
* Data Management, Governance and Stewardship

* Data Privacy and Security Measures S -
Multi Ethics/Privacy Assessment
Example SLICES Service u t|-
Encdat st Framework
— | level/Stakeholder
° Interoperablllty and [ Data Governance Well-
Machine-actionabil Ity B & = Convertors (import/export) to Aglic?/renriinc:r?i?\g

known standards

—" inces e
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Metadata Registry System (MRS/SFDO)

e Realizes the SLICES metadata
MeE;Iata Models Ee0sC = m Od - I
{: '
Hu H * Repository
8; . g%evz * Metadata data (datasets, services,
= experiments, etc.)
— | ] —— * Metadata models used for versioning
— m : -
ETTTEEETE WWW * APIs
* Discovery, Reporting services
— * Interoperability services (e.g.,
Repository APIs Web Portal EOSC)
ﬁ * Web portal
— e Access to the services
Other SLICES-RI services ° DaShboardS
= slices
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SLICES Reproducible
Experiment Workflow .
_
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The pos Experiment Workflow

Setup phase

) DuT Controller  LoadGen
e Controller manages experiment

(]
e Controller configures experiment nodes (DuT, LoadGen) ~
. o 5\ Setup b Global\..........| Setup |-
* Global/local variables (vars) parametrize setup ;?% Setup | Setup

Run N /7 N\ (—
Run [l o —
Measurement

Measurement phase
* Repeated execution of measurement script
* Loop variables parameterize each measurement run
e e.g., different packet rates
e data of each run is connected to a specific set of loop vars

Measurement Phase

Results | I

(] Script

o (O Parameters
Publication [JResult Data

Evaluation
Phase

Evaluation phase

» Collected results/loop vars used for experiment evaluation

* Automated experiment release (git repository, website) Structured Experiment Workflow with

pOS

— glices
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Experiment life-cycle comes true

DuT

Setup
phase
:

Controller

.....................

~

LoadGen

Experiment
*f— — ﬁ [ Local \

R
o Run N
E RunII
< @ RunI \
= _rcu Measurement
= Q
()
o
x
()
C
S o
)
T w©
= <
T Q
>
(]
[
| slices
[ J

Publication

{

.| Script
) Parameters

(_|Result Data

Metadata Madels ONEQSC

%Evl
g%gvz

~—
Repository

3
ii

=
=1

- -

<2/

APls
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Web Portal







Networking,
Edge
Cloud
Orchestratio
n
Virtualizatio

Research
Methodology
Open source

6G
Compute
Quantum
Security

Al/ML
DE ]

Management
and Analytics

—— slicesn

SLICES Academy

Audience

General
public

Msc and
Doctoral
students

Tools

National
Roadshow

The
Networking
Channel
SLICES

Summer
School

Training
events

OPENRIT 6G, Cape Town, March 20, 2024

Initiatives

Shared

Digital

Europe
Programme

Micro-
credentials







SLICES related
EU funded projects

— glices

=
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SLICES as a Catalyst
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DIGITAfrica ,udy.

A

Towards a comprehensive pan-African research infrastructure in Digital

Sciences

Strathmore University (STR)

Universite¢ Cheikh Anta Diop de Dakar (UCAD)
Universite de la Manouba (UMA)

Université de Ngaoundéré (UN)

University of Cape Town (UCT)

Kenya

Senegal

Tunisia - =
Cameroon TTRA o
2 DIGITAfrica

South Africa &

_— slicesn e —
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Network Readiness Index for Africa

Design an effective and long-term pan-African Digital research
infrastructure

* Co-construct a comprehensive strategy to structure a pan African RI
in Digital Sciences

* Enhance community building in Digital Sciences

* Develop capacity building in Digital Sciences

 Set up a playground and demonstrate the Proof of Concept (PoC)
* Define a sustainable path for DIGITAfrica Rl

= glices
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slices

RI

Thanks for your attention

Questions?

For more information, please contact:
Serge Fdida
serge.fdida@sorbonne-universite.fr

Follow the NetworkingChannel,
brought to you by
ESFRI SLICES, NSF PAWR and ACM Sigcomm



