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PSNC Network - PIONIER in Poland
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Type of connected unit Number
of units

Research institutions 221
Universities 196
Post-secondary schools 21
High schools, secondary schools, 234
primary schools and vocational

schools

Healthcare 59
Public safety 27
Goverment administration 27
Provincial administration 59
District, municipality and city 73
administration

Other administration 9
Court and public prosecutor's office 26
Cultural institutions 104
Other educational 27

~10 000 km of fiber in total



PIONIER Connectivity in Europe

_@w
STERDAM HAMBURG ,/\_\ 1
C—— P Ve
SUF )
® ()
LONDON
BNX
—
FRANKFURY .
orIX
PARIS | ph
PARIX T
* o STUTTGART BRNO, K XRAKOW
MONCHEN /
. VIENNA
J e ®
20RICH .
‘ SALZBURG
GENEVE @

EANLigh

wianvo @
™



GEANT — European Network Infrastructure, Services and Community

GEANT )

Networks - Services « People

* High bandwidth, high speed and highly
resilient pan-European backbone

* Interconnecting European NRENs

* over 20 years of support for Europe’s
research and education communities

e 37 partners

) ¢ 500 contributors
The GEANT-5 project is under Horizon Europe Research and

innovation funding programme until 2027 * 50M users




The GEANT 5-1 Project Structure
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Task 1: Project .
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\.

WP Leaders: lvana Golub (PSNC), Pavle Vuleti¢ (UoB/AMRES)
WP6 budget: > 3,1 mil EUR
31 R&E organisations from 25 countries
85 team members

https://wiki.geant.org/display/netdev
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Optical Time and Frequency Networks - OTFN

Exploring approaches for Time and Frequency (T&F) Services in NREN Networks:
« Building upon already existing T&F infrastructure and services
- T&F Gateway - national signal sources and cross-border transfer
- Monitoring and calibration solutions

4 A

FRONTEND

GLOBAL T/F SERVICE
/ MANAGEMENT SYSTEM

DB
DISTRIBUTION

T/F DISTRIBUTION
NETWORK1 T/F DISTRIBUTION NETWORK 3
NETWORK 2

https://wiki.geant.org/display/NETDEV/OTEN



https://wiki.geant.org/display/NETDEV/OTFN

Quantum Technologies

Exploring Quantum Technologies (QT) for NREN Use cases

Supporting NRENSs in their QT deployments and EuroQCI
project

« QT training material in the Network eAcademy

- Open Quantum Group meetings and infoshares

- Knowledge hub on the QT wiki

https://wiki.geant.org/display/NETDEV/QT

STANDARDISATION
(CURRENT SITUATION)



https://e-academy.geant.org/moodle/course/index.php?categoryid=3
https://wiki.geant.org/display/NETDEV/QT
https://wiki.geant.org/display/NETDEV/OTFN

RARE - Router for Academia, Research and Education

An open source router OS for R&E use cases

s

upports six data planes:
based on UNIX socket
Libpcap

DPDK

BMv2 (P4)

INTEL TOFINO ASIC (P4)
XDP, eXpress Data Path

\_

\

RARE features (not limited to):
® Interior Routing Protocol
e Dataplane forwarding
e External Routing Protocol
e Link local protocol

Network management

J
S

RARE
rare-users@lists.geant.org

rare-dev@lists.geant.org

rare@lists.geant.org

/
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https://wiki.geant.org/display/RARE
mailto:rare-users@lists.geant.org
mailto:rare-dev@lists.geant.org
mailto:rare@lists.geant.org

GP4L - GEANT P4 Lab

Kllswitch-based lab infrastructure interconnected throuh

the GEANT network

\\ dataplane & control plane)

e 4 switches in Europe: AMS, POZ, FRA, BUD
Validation of the RARE/FreeRtr OS routing stack software

World-wide testbed, offering experimental dataplane
programming facilities to researchers to perform
geographically distributed network experiments:
* With the usage of RARE/FreeRtr NOS
e Using a clean slate environment
(i.e use exclusively GP4L without RARE/FreeRtr

/

https://wiki.geant.org/display/GP4L

5d4aL
GERNT P4 LAD

" - Exd
STARLIGHT

E \TE| % 2
W RENATER



https://wiki.geant.org/display/GP4L

Global P4 Lab (September 2023)

Over 20 locations worldwide

Strong collaboration with the DIS and ; o
AutoGOLE/SENSE GNA-G Working Groups
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NMaas -

Network Management as a Service

A portfolio of network management applications
run as dedicated, cloud-based per-user instance

28 applications available, easy to add new tools

Use cases:

* Network/Equipment Management for Small/Medium size networks/
institutions

* Project-owned equipment

* NMaaS Virtual Lab - NEW!

How to use NMaaSs?

* Managed service

Production NMaaS instance: https://nmaas.eu
Sandbox instance: https://nmaas.geant.org

* Self-hosted

On your own NMaas instance: https://docs.nmaas.eu/install-guide

NMaasS@®

nmaas.eu
nmaas@lists.geant.org

On a local machine: https://docs.nmaas.eu/local-vm

>
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https://nmaas.eu
https://nmaas.geant.org
https://docs.nmaas.eu/install-guide
https://docs.nmaas.eu/local-vm

? P A Service Provider

Architecture

SPA is a modular distributed platform to orchestrate and
automate network servicesin the GEANT and NREN network
infrastructures.

Support the

service Common
lifecycle of information
all network model

services

Design a
LEGO® type
of service
architecture

Reusable
components

Orchestration
(workflows)

. Uset_ TMF
au :ma ion Frameworx
w er(_ever compliant
possible

tmferum
open
S

SSP GUI
[

- —
Service orchestration Microservices
E- Self- service portal

Service orchestrator

Service
activation

@ Qe

CRM Service Resource Service Service
inventory inventory catalogue testing

® Process and service orchestration and automation in action
e Used for the GEANT Connection Service (GCS)
e Test service instance available in NMaaS$s

spa@lists.geant.org

https://wiki.geant.org/display/NETDEV/SPA



mailto:spa@lists.geant.org
https://wiki.geant.org/display/NETDEV/SPA

perfSONAR

{ Open-source, modular, flexible architecture for IPv4 and

IPv6 active network measurement and monitoring

Some GEANT’s recents contributions:
* Lookup Service dashboards
* Microdep integration with perfSONAR

* On-demand perfSONAR Graphical User Interface (psGUI)

Visualization

OpenSearch pSConfig

Archiving

i . . pari
erf3 iperf nuttcp ping tracepath traceroute BT

ion

OpenSearch :

Logstash

Configurati

pSched

pSConfig

uler

Discovery

uonensifay asinIas dnyoo

o PEMFSO&NAR

https://www.perfsonar.net/

atant) IJJ ,,%,@

Greenland

Over 2000 registered hosts in more than 1000
organisations around the world

Supported on Ubuntu 20

More OSs to follow in early summer
(EL8, EL9, Ubuntu 22, Debian 11)



https://www.perfsonar.net/

Performance Measurement Platform - PMP

Exploring the performance of the GEANT backbone while
experiencing perfSONAR on small nodes

® Low-cost hardware nodes with pre-installed perfSONAR
software and deployed in GEANT collaborating organisations
in Europe and Africa.

e Central components including a central Measurement Archive
(MA) and a Dashboard.

e Measurement points in the GEANT backbone network

e PMP data analysis for new service report using Al/ML

In green: Countries with the PMP service coverage in Europe

Dashboard: https://pmp-central.geant.org/maddash-webui/
Contact: perfsonar-smallnodes@lists.geant.org



https://pmp-central.geant.org/maddash-webui/
mailto:perfsonar-smallnodes@lists.geant.org

TimeMap

[ Per-segment latency and jitter monitoring tool ]

Based on TWAMP (RFC 5357)
Easy and quick modular installation
Initial Al-based anomaly detection implemented

Deployed in the GEANT backbone network

Documentation -
e TimeMap J 3:m
e Code and documentation ;m ‘
e TimeMap page o _ l
1oms;L,-~fzJ oo oo (L e L

Sms
04:00 04:30 05:00 05:30 06:00 06:30 07:00 07:30 08:00 08:30 09:00 09:30

== roundTripTimeAverage == roundTripTimeMax == roundTripTimeMin == roundTripTimeMax_Anomaly


https://timemap.geant.org/
https://timemap.geant.org/
https://gitlab.geant.org/gn4-3-wp6-t1-lola/timemap_public
https://network.geant.org/timemap/

WiFiMon

Software Crowdsourced
Measurements

A WiFi network monitoring and performance verification system

WiFiMon is a WiFi network monitoring and performance
verification system. It is capable of detecting performance
issues, visualising the achievable throughput of a wireless
network for each user, and providing technical information
about a WiFi network (e.g., signal strength, link quality, bit
rate, etc.). WiFiMon leverages well-known performance
verification tools (e.g., Akamai Boomerang and Speedtest)
and in addition uses data from the WiFi physical layer in order
to gather a comprehensive set of WiFi network performance

WiFiMon Operation Modes

WiFiMon can operate in two different modes which can be used either
separately or together

Hardware Probe
Measurements

—
>

WiFiMon

Technology and vendor agnostic

WiFiMon can be deployed on any WiFi network as it monitors the performance
on the network layer. It can also provide additional benefits in 802.1x enabled
networks including eduroam in which case users can make various performance
analyses per access point, per user, etc.

Fine grained information on network
performance

S PR

WiFiMon shows the end-user (mobile client)
behaviour on a network, its perception about the
responsiveness of the network and the speed of
web resource downloads, correlation of the
performance data with end-user data, and data
analysis with an effective query builder.

o)

imon

Easy to deploy

WiFiMon is a software image (also available as a
Docker Image) and can be easily deployed on an
NREN/University network on hardware or software
probes.

Active monitoring with low network
overhead
[ ]

1'9";5(.3”.4']"»"_{

WiFiMon active measurements are not
significantly invasive and do not use any
significant bandwidth. One WiFiMon
measurement is comparable to one average
web-page download (load speed).


https://wiki.geant.org/display/WIF/WiFiMon+Home
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Network eAcademy Network

eAcademy

Powered by:

NGLAD

GEANT LEARNING & DEVELOPMENT

OAV Training ( )

ARCHITECTURES
=
.7
0 Architecture Quantum
/Mapping Training

(y Maturity
Model


https://wiki.geant.org/display/OAV/OAV+Architectures
https://wiki.geant.org/display/NETDEV/Mapping+Use+Cases
https://wiki.geant.org/display/netdev
https://wiki.geant.org/pages/viewpage.action?pageId=133765930
https://wiki.geant.org/display/OAV/
https://wiki.geant.org/display/OAV/
https://wiki.geant.org/display/NETDEV/OAV+Training+Portal
https://wiki.geant.org/display/NETDEV/OAV+Maturity+Model
https://wiki.geant.org/display/NETDEV/OAV+Maturity+Model
https://e-academy.geant.org/moodle/course/index.php?categoryid=54
https://e-academy.geant.org/moodle/course/index.php?categoryid=54

Functional Blocks in the TM Forum
OPEN DIGITAL ARCHITECTURE (ODA)

Network Automation

eAcademy

Legend
@ Unit / m  Document

® Released / ® 1ol

P Exchange point

@ _ You can jump back and forth
¥ between this station and all
' exchange points at any time

Tracks

GENERAL INTRODUCTION
AGILE, DevOps, CI/CD
DECOUI
INTEGRATION

PRODUCTION

ENGAGEMENT
MANAGEMENT

PARTY MANAGEMENT

CORE COMMERCE
MANAGEMENT

INTELLIGENCE
MANAGEMENT

USE CASES AND EXAMPLES

INTRODUCTION
TO OAV OAV ARCHITECTURE
REQUIREMENTS FOR NRENS
INTRO TO DATA MODELLING,
DATA FORMATS AND PROTOCOLS
API TOOLS PROTOCOLS FORMATS DATA MODELLING

S &

» S S

S FEE

& O

§ & J S & SO & & &

® S & § A RS S & & 4 $
S & & & LR N N & S & S Q
FEFTFTF T EETETE FFFTFSSE

9 THE OAV ARCHITECTURE
(S BLUEPRINT

INTRO TO CI/CD

DATA ANALYTICS
.

BIG DATA STORAGE

INTRO TO INTELLIGENCE

A INTRO TO ENGAGEMENT
¥ MANAGEMENT MANAGEMENT
I
S
o o
& 4
& X2
o &
Q& ° ° &L o
& L ® A g
o R
SO¥ o
N : p—e—
SN
AUTOMATED CONFIGURATION MANAGEMENT

HYPERVISOR BASED l

P INTRO TO PRODUCTION

CONTAINER BASED
—eo—o—o
& S & g
g EE A |
& & |
\’0
+

o—0——8&- -

P INTRO TO VIRTUALISATION

PUBLIC / PRIVATE CLOUDS

AWS, AZURE,
GOOGLE CLOUD AUTOMATION TOOLS VERSION CONTROL cI/cp
=4 . ®. ®. . ®.
o= A o © & 5 o
o » A M ¢ 3 &
Q" KR 3
&° £ s &
3 S v ¢ -
& S $
$
&

https:

wiki.geant.org/display/NETDEV/OAV+Training+Portal


https://wiki.geant.org/display/NETDEV/OAV+Training+Portal

TMForum Open Digital Architecture as a Reference Architecture

Engagement
management
Focpe (communication
Organisations channels)
(Front end, secure
API)

Things

Decoupling and integration

Party management

(customers/partners)

Decoupling and integration

WHAT
Core commerce management

(Order, catalogue, product, SLA, problem handling)

Commercial view

Decoupling and integration

HOW
Production

(CFS, RFS, orchestration operational domain management)

Technical view

Decoupling and integration

Intelligence
management

(analytics,
operational reality)

(closed control
loop, autonomics)




Digital Architecture Analysis

Mapping NREN & use cases architectures to a common blueprint, the TM Forum
Open Digital Architecture (functional architecture).

Align efforts Collaboration Interoperability

/NREN Architectures\ /NETDEV Architectures\ /Other Use Cases \

° e EOSC e SENSE
o GEANT : glg/'AaaS e ETSIGANA e  TALENT
GRNET e ETSIOSM
: Aot e ETSIZSM
HEAnet e GVM
e PIONIER e MEFLSO
! SURF J K / \. Open Baton /
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NMaas Architecture
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Service Provider Architecture
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NMaaS and SPA Architectures
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Maturity Model Goals

Measure Measure the current OAV capabilities in a meaningful way

Enable clear identification of strengths and improvement points, be

Identify aware of threats and opportunities

Prioritise Help prioritise what to do in order to advance and improve

Journey |dentify gaps between the current and future state and how to get there




OAV Maturity Model - Stages

m m
Level 1

F
Run ly

. Crawl Proactive
Sit Use Case / Integrated

Project-based /
Ad Hoc Reactive

- . n
. 'R

Self-*




ORGANISATION REACH

Stages Definition

SIT

None

* No or minimal OAV in
production

« Traditional siloed
architecture

* Manual processes

* Cll management

CRAWL
Ad Hoc

+ OAV is gaining
interest

+ Starting to apply OAV

* Initial hands-on
experience

+ Automating steps

-

Reactive

« Initial pilot use-cases
underway

* In-dept investigation
of OAV

» Cross-department
teams

+ Automating
processes

RUN

Infegrated

» OAV architecture

» Functional modules

+ Common data model
« Data de-duplication

« OAV policies in place

FLY

Proactive

* Multi-domain

» Fully functional OAV
platform

« Partners ecosystem
* Making predictions

» Closed-loop
processes

ENERGISE

» Auto discovery of
components,
functionalities,
partners and services

* Seamless
interoperability

» Self-optimizing
network

* Automated
implementation of
high-level business
infentions

MINDSET ADOPTION

OAV MATURITY MODEL




OAV Maturity Model - Dimensions
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Granular OAV
Maturity Assessment

©
4

[ ]
Level 2 'K Reactive

Architecture &
Technology

Components
Virrtualisation

Data modeling

Service design

go)
e
©
o
S o
= C
2 €
c O
o a
=9

Security

management

Policies

Vision &
Strategy

development
Standardisation

People &
Organisation

Culture
Training
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Conducting a Maturity Assessment

Address

Assess § Analyse

Three-phase approach

More information: https://wiki.geant.org/display/NETDEV/OAV+Maturity+Model



https://wiki.geant.org/display/NETDEV/OAV+Maturity+Model
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OAV Assessment

e https://www.surveymonkey.com/r/SPYDQVB

*31 questions

« Data is used for analytical purposes only
» we do not publish data for individual institutions

*Report is sent to the person defined in survey


https://www.surveymonkey.com/r/SPYDQVB

NETDEV Incubator

A mechanism to include new work during the project @
Simple proposal procedure following simple rules @99@@
St
- - 6050 0¢
A proposed project MUST be: @@E_\@yé)
* Relevant to the NETDEV project (GN5-1 WP6) @ é"g
* SMART: Specific, Measurable, Achievable, Resource- and Time-bound @@D@@@a

* With evident interest for the results from the community

https://wiki.geant.org/display/NETDEV/NETDEV+Incubator



https://wiki.geant.org/display/NETDEV/NETDEV+Incubator

More Information

-

Contact details

netdev@lists.geant.org
https://wiki.geant.org/display/NETDEV/

Performance Measurement Platform

Optical Time and Frequency Networks

Quantum Technologies

TechlLab

NMaaSs Argus

TimeMap
WiFiMon

Service Provider Architecture

perfSONAR
Inventory

GP4L

Network eAcademy

NETDEV Incubator


mailto:netdev@lists.geant.org
https://wiki.geant.org/display/NETDEV/

(?ANHD

Thank You!

netdev@lists.geant.org

www.geant.org

. Co-funded by
b the European Union




