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GÉANT – European Network Infrastructure, Services and Community

• 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

• 37 partners

• 500 contributors

• 50M users

The GÉANT-5 project is under Horizon Europe Research and 
innovation funding programme until 2027
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Global P4 lab: “Persistent Programmable testbed” current footprint [2023/09]

Over 20 locations worldwide

Strong collaboration with the DIS and 
AutoGOLE/SENSE GNA-G Working Groups 
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Global P4 lab: Node types

200 Gbps

12.8 Tbps

12.8 Tbps

12.8 Tbps

200 Gbps3.2/6.4 Tbps

Available now in GP4L !

Under the radar …
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RARE/freeRtr in a nutshell

5

RARE is an open source routing platform, used 

to create a network operating system (NOS) on 

commodity hardware (a white box switch).

RARE uses FreeRtr as a control plane 

software 

and is thus often referred to as 

RARE/freeRtr

More information:
https://wiki.geant.org/display/rare

https://wiki.geant.org/display/rare
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RARE/freeRtr in a nutshell

6

"One control plane to rule them all …"
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RARE/freeRtr in a nutshell

7

 "… Or not !"
_YOUR_OWN_
control plane
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An open source router OS for R&E use cases

RARE - Router for Academia, Research and Education

Supports six data planes:
● based on UNIX socket
● Libpcap
● DPDK
● BMv2 (P4)
● INTEL TOFINO ASIC (P4)
● XDP, eXpress Data Path

RARE
rare-users@lists.geant.org
rare-dev@lists.geant.org
rare@lists.geant.org

RARE features (not limited to):
● Interior Routing Protocol
● Dataplane forwarding
● External Routing Protocol
● Link local protocol
● Network management

https://wiki.geant.org/display/RARE
mailto:rare-users@lists.geant.org
mailto:rare-dev@lists.geant.org
mailto:rare@lists.geant.org
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Liaison with GN5-1 WP6-T2 platform – Global P4 Lab 

9

• December 2019
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Liaison with GN5-1 WP6-T2 platform – Global P4 Lab 

10

• December 2020
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P4 switch-based lab infrastructure interconnected through 
the GÉANT network

• 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
• Using a clean slate environment 

(i.e use exclusively GP4L without RARE/FreeRtr 
dataplane & control plane)

GP4L - GÉANT P4Lab

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

https://wiki.geant.org/display/GP4L
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Previous GP4L Use Cases  

• Topology Monitoring with BGP-LS

• Next Generation Multicast with AMT relay/gateway and 

Unicast to Multicast translator, Juniper and Akamai

• Polka - an innovative source routing paradigm, IFES/UFES

• Packet Marking Specification: IPv6 Flow Label, CERN

• SuperComputing22 Demo, GNA-G DIS
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Global P4 lab: Extension at Geneva
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Global P4 lab: “Persistent Programmable testbed” current footprint [2023/09]

Over 20 locations worldwide

Strong collaboration with the DIS and  
AutoGOLE/SENSE GNA-G Working Groups 
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Global P4 lab: Links

Autogole 
SENSE

GCS / OpenNSA
Static links
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GP4L Project in GN5-1 (besides test RARE/freeRTr)
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• User community
▪ Listen user community request

▪ Demo wish-list

▪ Problem solving approach

▪ GP4L as an experimentation facility

▪ For representative demo

▪ Used to develop new network management component 

▪ Developer community
▪ Network orchestration (integration of NetBox, Camunda and Uptime Kuma)

▪ Network automation 

▪ Network management components
Objective: 

INCREASE GP4L platform usage in both 
Network usage prototyping and 

facility for network development
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RARE/freeRtr feature development

17

• Feature development 
• Digital twin

• Orchestration

• Automation

…
• Please share your ideas ! 

• New targets (and thus new use cases)

12.8 Tbps12.8 Tbps

6.4 Tbps

6.4 Tbps

12.8 Tbps

200 Gbps

200 Gbps

TOFINO-3 is dead, long live TOFINO 1 and 2 !
Dataplane programming is not only about P4 …
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RARE/freeRtr Network Management as a Service

18

What about 

GP4L 

monitoring?
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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 NMaaS?

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

NMaaS - Network Management as a Service

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

nmaas.eu
nmaas@lists.geant.org

https://nmaas.eu
https://nmaas.geant.org
https://docs.nmaas.eu/install-guide
https://docs.nmaas.eu/local-vm
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GP4L usage: Tools conception “around” the network ecosystem – Digital twin

Source of Truth

Simulation tool

Topology specification

Topology in production

Netr
ep

lic
a/N

RX

Netreplica/NRX

Netbox API + BGP-LS

Topology diff

Topology version

1

2

Pull 
request

Trigger topology correction workflow

Via GP4L Automation & Orchestration
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Challenges Achievements Conclusions Q&A

GP4L Orchestration: The Goal

21

Paul can we have an agenda 
slide?

Orchestrate different components of the GP4L 
management environment in a user transparent way

User actions in one management tool trigger 
automated reactions in other tools/systems/devices

User does not need to do anything other than 
essential actions 
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Challenges Achievements Conclusions Q&A

Automation & Orchestration Use Case

User keeps 
inventory up-to-date 
= Single Source of 

Truth

• Essential 
information 
for all GP4L 
devices 

Auto devices’ health 
monitoring

Auto network device 
configuration 

backup

Keep track of any 
subsequent device 

changes

Retain history 
whenever possible

Delete / deactivate 
= pause
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Use Case Tools

23

User Action in 
Inventory

Orchestration 
Process(es)

Probes in 
Monitoring 

Tool

Configuration 
backup

Oxidized
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Challenges Achievements Conclusions Q&A

Tools
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Tracking User Actions

Add new 
device/interface

Change 
device/interface 

properties

Remove 
device/interface
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Uptime Kuma information synchronisation
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Uptime Kuma information synchronisation – part 2
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Oxidized information synchronisation
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Oxidized information synchronisation – part 2
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Ready, Set, Go!

All tools are 
available in NMaaS

•NetBox
•Oxidized
•Camunda with 
Uptime Kuma

Orchestration 
configuration

•API points
•webhooks
•ssh key
•user credentials
•e-mail notifications

Start using 
NetBox

synced info in 
Uptime Kuma 
and Oxidized
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Get the tools to talk to each other…

General 
Camunda

E-mail 
notifications
setup

NetBox 
API

Uptime 
Kuma GUI 
& API

Git & 
Oxidized
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Future work

This use case targets the GP4L admin side

Next: Introduce automation and orchestration for 
the GP4L users
• Reservation booking process
• Automated monitoring
• Automated configuration handling
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SuperComputing23 Network Research Exhibitions (NREs) 

Global P4 Lab
Marcos Schwarz, RNP
Frederic Loui, Renater
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SuperComputing23 Network Research Exhibitions (NREs) 

https://sc23.supercomputing.org/scinet/network-research-exhibition/

https://sc23.supercomputing.org/scinet/network-research-exhibition/
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RARE/freeRtr community support

36

• Community channels
▪ Mailing list

▪ rare-users, rare-dev @lists.geant.org
▪ RARE messaging

▪ IRC #freertr@DN42

▪   

• Dissemination
• Liaison with international WG (GNA-G, APAN, LHC, UbuntuNet alliance etc.)

• Conferences

• SC23/24, IETF hackathon, TNC, APAN, RIPE etc.

• Would you like to host a RARE/GP4L Workshop?

  rare_freerouter



www.geant.org

Thank You!

Any question or comment? Please contact us at

netdev@lists.geant.org


