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Network Technologies and Services Development 
in the GÉANT Project

• GÉANT project environment

• Network Technologies and Services Development 
• Production Services
• Production-ready Services
• Research and Development
• Completed Work

• Collaboration 

• Next steps



3 www.geant.org

GÉANT’s vision is to ensure equal network access for all scientists 
across Europe to the research infrastructures and the e-infrastructure 
resources available to them.

A part of the European Union's Horizon 2020 research and innovation 
programme - GÉANT 2020 Framework Partnership Agreement (FPA)

500 contributors from 40 partners - European R&E Institutions

50 M users

GN4-3 duration: 1 Jan 2019 – 31 December 2022

The GÉANT Project
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The GÉANT Project Structure

4     |
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The GÉANT Project Structure

WP Leaders: Tim Chown (Jisc), Ivana Golub (PSNC)
WP6 budget: > 6,2 mil EUR
33 R&E organisations from 23 countries
88 team members

5     |
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Network Technologies and Services Development (WP6)
T1: Network Technology Evolution

• TimeMap latency and jitter monitoring tool

• Optical Time and Frequency Networking (OTFN)

• Quantum Key Distribution (QKD)

• In-band Network Telemetry (INT) using Data Plane Programming (DPP)

• Router for Academia, Research and Education (RARE)

• GÉANT P4 Lab

• White box

T2: Network Services Evolution and Development

• Service Provider Architecture Platform (SPA)

• Network Automation eAcademy

• Orchestration, Automation and Virtualisation (OAV) training

• Architecture and ODA mapping

• Wiki with the Community Portal

• OAV Terminology

• OAV Maturity Model 

• Campus Network Management as a Service (CNaaS) 

• Data Transfer Nodes 

T3: Monitoring and Management 
• perfSONAR 

• Performance Measurement Platform (PMP) 

• Network Management as a Service (NMaaS)

• WiFiMon

• Argus

• Network Telemetry

• 100G monitoring/measurement

• P4-based flow monitoring

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

Production-ready

Research and Development

Completed

Production

https://wiki.geant.org/display/NETDEV
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Network Technologies and Services Development (WP6)

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

Research & 
Development Completed

perfSONAR

PMP

NMaaS
WiFiMon

Argus

TimeMap

SPA

RARE

GP4L

NAeA

OTFN
QKD

White box

CNaaS DTNDPP

Telemetry 

https://wiki.geant.org/display/NETDEV
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Production Services

Pass several independent audits:

✔ Used in an operational 
environment

✔ Code security and quality 
checked

✔ Intellectual Property Rights 
checked

✔ GDPR checked

✔ Service Definition completed

✔ Cost Benefit Analysis in place 

✔ Business development and 
roadmap defined

NETDEV Production Services:

Performance 
Measurement 

Platform



9 www.geant.org

• A well established toolkit for 
active network performance 
monitoring

• International collaboration with 
ESnet, GÉANT, IU, I2, RNP, UoM

• Providing consultancy advice and 
guidance to the GÉANT 
community

• Latest releases: 
4.4.5 and 5.0.0 Beta 1

https://www.perfsonar.net/

Deploy Contribute

https://www.perfsonar.net/
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Worldwide integration GÉANT service

Easy to deploy Locally operated, centrally managed

PMP
Performance 

Measurement Platform

CollaborateDeploy
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Performance Measurement Platform (PMP)

https://pmp-central.geant.org/maddash-webui/
https://network.geant.org/performance-measurement-platform/

CollaborateDeploy

Exploring the performance of the GÉANT 
backbone while experiencing perfSONAR on 

small nodes

• Helps troubleshoot network performance issues
• Access to historical data
• Uses worldwide measurement infrastructure
• Access via CLI and GUI
• Uses multiple network metrics
• Strong collaboration with participating organisations

Participate:
• Play and learn
• Run CLI tests from/to nodes
• Extend with more nodes
• Implement your ideas

https://pmp-central.geant.org/maddash-webui/
https://network.geant.org/performance-measurement-platform/
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Network Management as a Service (NMaaS)

NMaaS is a platform for network management providing

• A portfolio of network management and monitoring applications 

• Per-user, secured network monitoring infrastructure

• Dockerised images implemented through a Kubernetes cluster

NMaaS Usage

• On GÉANT instances or deployed locally

• NMaaS sandbox instance in GÉANT: https://nmaas.geant.org/

• NMaaS production instance in PSNC: https://nmaas.eu/ 

NMaaS Update

• Version 1.5.1 released

• The work on providing support for IPv6 is ongoing

• NMaaS OAV Architecture Analysis was published

Deploy Collaborate Contribute

https://nmaas.geant.org/
https://nmaas.geant.org/
https://nmaas.eu/
https://nmaas.eu/
https://about.geant.org/wp-content/uploads/2022/01/GN4-3_White-Paper_NMaaS-OAV-Architecture-Analysis.pdf
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Tools

NMaaS Portfolio

28 applications available 

including: WiFiMon WAS, SPA Service 
Inventory, SPA for E-line Service,and  
perfSONAR components (Central 
Management, Esmond, pSConfig Web 
Admin, MaDDash)

NMaaS Usage Statistics

• 150 registered users

• 27 domains

• 113 deployed applications

Deploy Collaborate Contribute
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WiFiMon

A WiFi network monitoring and performance verification system
• Detects performance issues and visualises network workload

• Hardware probes and crowdsourced measurements

• Leverages well-known performance verification tools

WiFiMon Features
• Independence of Wi-Fi technology and hardware vendor

• IPv4 and IPv6 support

• Correlation with RADIUS and DHCP logs respecting user privacy

• WiFiMon Analysis Server (WAS) available on NMaaS 

• Current version 1.6.1 with TWAMP measurements on the hardware probe

• Suitable for heterogeneous networks

• Suitable for eduroam monitoring!

https://www.geant.org/wifimon

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

Deploy Collaborate Contribute

https://www.geant.org/wifimon
https://wiki.geant.org/display/WIF/
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Service Provider Architecture Platform (SPA)
Digital business and service management platform

Deploy Collaborate

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

Provides:

• flexible service management

• fast design of composite services

• component based scalability

• interoperability through widely adopted Open APIs

• TMForum ODA-compliant software tools

Used in production for GÉANT connectivity services

https://wiki.geant.org/display/NETDEV/SPA
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Service Provider Architecture Platform

SPA components available via NMaaS

https://nmaas.eu

SPA architecture mapped to TMF ODA

Deploy Collaborate

https://nmaas.eu/
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Argus - Alarm Aggregation and Correlation Tool

• A tool for network element 
and measurement system 
alarm correlation 

• Tailored for the CNaaS use 
case where one Ops Centre 
manages multiple networks

• Developed and used by SIKT 
and SUNET

• Integrates alarms from NAV, 
Nagios, ZABIX, ArubaCloud, 
Zino,...

More information: 
Argus Infoshare, 28 November 2022

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

Deploy Collaborate

https://events.geant.org/event/1326/
https://wiki.geant.org/display/NETDEV/Argus
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TimeMap
Backbone per-segment latency and jitter monitoring

Deploy

How to participate:

Use TimeMap measurement results

Implement TimeMap in your network

Connect your TimeMap to https://timemap.geant.org/

 https://timemap.geant.org/

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

timemap@lists.geant.org

https://timemap.geant.org/
https://timemap.geant.org/
https://wiki.geant.org/display/NETDEV
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Production-ready Services

Undergoing preparation and evaluation for production:

• Router for Academia Research and Education – RARE

• GÉANT P4 Lab – GP4L

• Network Automation eAcademy
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Router for Academia, Research and Education (RARE)

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

Deploy Collaborate Contribute

https://wiki.geant.org/display/rare
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RARE Characteristics

• Uses Data Plane Programming (DPP) Language such as P4: 
Programming Protocol-independent Packet Processors

• One control, several data planes: BMv2, TOFINO, DPDK, XDP

Visit 

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

for:
• Documentation
• Supported platforms
• Complete feature list

Deploy Collaborate Contribute

https://wiki.geant.org/display/RARE
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RARE Features

Supported Features:
• Interior Routing Protocol 

(IS-IS, OSPF, EIGRP, LSRP, PVRP)

• Dataplane forwarding
(LDP, IS-IS-SR, OSPF-SR, LSRP-SR, VPLS-LDP)

• External Routing Protocol
(BGP, BGP-RR, …)

• Link local protocol
(LLDP, LACP, CDP, BFD,...)

• Network management
(TACACS, TELNET, SSH, Lightweight SNMP, 
Packet postcard telemetry, INT)

Missing a feature or need more information?

rare-dev@lists.geant.org

For updates subscribe to: 

rare-users@lists.geant.org
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GÉANT P4 Lab – GP4L

Initially aimed to validate the RARE/FreeRtr 
open source routing stack software 

• 4 switches in Europe: AMS, POZ, FRA, BUD

With growing interest, 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)

Deploy Collaborate Contribute
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GP4L Going Global
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Global P4 Lab 

More than 20 locations worldwide 

Used for different use cases:

• RARE, GÉANT project, EU

• PolKA – an innovative routing 
paradigm, UFES Brazil

• Flow label/IPv6 identification, CERN 
Switzerland

• Bier/AMT - a cost effective multicast 
architecture, RARE+Juniper 

• Topology Monitoring with BGP-LS
• GNA-G DIS Demo in Nov 2022 at 

SuperComputing22, Dallas, US

More information
https://wiki.geant.org/display/gp4l

Deploy Collaborate Contribute

https://wiki.geant.org/display/gp4l
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Network eAcademy - Automation

Raising the bar for Orchestration, Automation and Virtualisation 
(OAV) and supporting NRENs in their digital transformation efforts

Activities

• Training Program

• Architecture analysis and mapping

• Terminology

• Community Portal

• Maturity Model

Collaborate Learn

Share

Contribute
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Network eAcademy - Automation
Training Program

Created from the community for the community helps to learn about OAV 

• 25 modules published in several categories:

• Introduction courses

• TM Forum

• DevOps concepts

• Structured as Moodle courses with:

• Videos, documents with scripts, links and quizzes

• Use cases and examples

• More than 1,300 users viewed the courses so far

• Want to share your content? Contact: oav@lists.geant.org

Collaborate Learn

Share

Contribute

Courses are available via 
the 

GLAD e-Academy portal

Access via eduGAIN 
and social networks accounts

https://e-academy.geant.org/moodle/
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Training (Metro) Map

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

Interactive training metro map helps 
navigate through topics and 

complexity level

Collaborate Learn

Share

Contribute

https://wiki.geant.org/display/NETDEV/OAV+Training+Portal
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Network eAcademy - Automation
Architecture analysis and mapping

• Analysis of components and functionalities

• Supports interoperability, integration and 
growth

• TM Forum Open Digital Architecture (ODA) 
selected as Technical Reference Model 
(TRM) Architecture

• Mapping completed for numerous use 
cases:

• NRENs: SURF, CYNET, CARNET, PSNC, 
HEAnet, GRNET, GÉANT

• SPA, NMaaS, TALENT, 5G

• Templates and white papers available!

Collaborate ShareContribute

To map your architecture, contact:

oav@lists.geant.org

https://www.tmforum.org/oda/
https://wiki.geant.org/display/NETDEV/Mapping+Use+Cases
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Network eAcademy - Automation
Terminology and Glossary of OAV Terms

• Published version 1.1

• Accepted by the GNA-G Automation Working Group

• New version to follow soon with additional terms 
about AI and Maturity Model

Collaborate ShareContribute

https://wiki.geant.org/display/NETDEV/OAV+Terminology

https://wiki.geant.org/display/NETDEV/OAV+Terminology
https://wiki.geant.org/display/NETDEV/OAV+Terminology
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Network eAcademy - Automation
Community Portal

Lists OAV examples and use cases 
worldwide, including, but not 
limited to:

• OAV Architecture

• WiFi 

• CNaaS – Campus Network 
Management as a Service

• L2, L3 circuit provisioning

• Service orchestration

• Schools

Collaborate ShareContribute

Contact oav@lists.geant.org 

to share your OAV work!
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Network eAcademy - Automation
OAV Maturity Model

Four Dimensions

• Architecture & Technology

• Processes & Services

• Vision & Strategy

• People & Organisation

Six Stages

• None

• Ad Hoc

• Use-case based

• Integrated

• Proactive

• Self*

A self-assessment survey to:

• Identify current state and 
needs 

• Capture best practices

• Promote self-improvement 

• Contribute to future progress Take the OAV Maturity survey! 

More information

Contact the team

https://www.surveymonkey.com/r/SPYDQVB
https://wiki.geant.org/display/NETDEV/OAV+Maturity+Model
mailto:oav@lists.geant.org
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Research and Development

Network Telemetry

• P4-Based Flow Monitoring

• In-Band Network Telemetry (INT) using Data Plane Programming (DPP)

Optical Time and Frequency Networks (OTFN)

Quantum Key Distribution (QKD)
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P4-based flow monitoring

Development and testing of the P4 code for low 
cost unsampled flow extraction using:
• Our own P4 flow extractor and nfdump suite
• Prototype on Netronome P4-programmable 

cards
• Streaming to elasticflow

Analysis of the system capabilities:
• Using high speed CAIDA PCAP files (2Mpps) 
• Number of flows and packets that can be 

processed
• Flow Accuracy - More than 99% flows 

correctly captured @ 2M packets per second

Results to be published in November:
• White paper
• 17th SIG-NOC meeting in Paris

Collaborate Contribute

https://github.com/robcowart/elastiflow
https://events.geant.org/event/1296/
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In-Band Network Telemetry (INT) using Data Plane Programming (DPP)

Deploy Collaborate

Testbed: 5 countries over a production network 

Implemented: INT Source, Transit and Sink node

Platforms: FPGA, Intel TOFINO, DPDK and BMv2

Publications:

• Timestamping and Clock Synchronisation in 

P4-Programmable Platforms

• In-Band Network Telemetry Tests in NREN 

Networks

Monitoring traffic at high frequency for troubleshooting purposes

https://resources.geant.org/wp-content/uploads/2022/09/GN4-3_White-Paper_Timestamping-and-Clock-Synchronisation-in-P4-Programmable-Platforms.pdf
https://resources.geant.org/wp-content/uploads/2022/09/GN4-3_White-Paper_Timestamping-and-Clock-Synchronisation-in-P4-Programmable-Platforms.pdf
https://resources.geant.org/wp-content/uploads/2022/02/GN4-3_White-Paper_In-Band-Network-Telemetry.pdf
https://resources.geant.org/wp-content/uploads/2022/02/GN4-3_White-Paper_In-Band-Network-Telemetry.pdf
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Optical Time and Frequency Networking – OTFN

Exploring approaches for deploying T&F services in NREN networks and

Supporting NRENs in implementing T&F services

More information:

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

Collaborate

Publications:

• Ultrastable Frequency Transfer in L-Band

• Distributing New Performant Time and Frequency Services over NREN Networks

• Management and monitoring of time and frequency services – coming soon

https://wiki.geant.org/display/NETDEV/OTFN
https://resources.geant.org/wp-content/uploads/2022/02/GN4-3_White-Paper_Ultrastable-Frequency-Transfer-in-L-Band.pdf
https://resources.geant.org/wp-content/uploads/2022/02/GN4-3_White-Paper_Time_and_Frequency.pdf
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Quantum Key Distribution (QKD)

Activities:
• Survey on Quantum projects
• Quantum Technologies Status Overview White Paper
• Knowledge sharing - infoshares

• QKD deployment examples 24 Nov 2022
• Quantum Simulators 
• Long-haul PoC project
• Open Quantum Group Meeting
• Quantum Internet Hackathon 2022 co-organisation 

with RIPE NCC 
• QKD Wiki 

More information:
https://wiki.geant.org/display/NETDEV/QKD

Join the Quantum Internet 
Community Meetup, 

Today, 
25 October 

17:30 - 18:30 

Assessing the quantum cryptography use cases within GÉANT and NREN 
infrastructures

https://resources.geant.org/wp-content/uploads/2022/02/GN4-3_White-Paper_Quantum-Technologies-Status-Overview.pdf
https://events.geant.org/event/1304/
https://wiki.geant.org/display/NETDEV/Quantum+Simulators
https://wiki.geant.org/display/NETDEV/Open+Quantum+Group+Meeting
https://labs.ripe.net/author/karla-white/take-part-in-the-quantum-internet-hackathon-2022/
https://wiki.geant.org/display/netdev/QKD
https://wiki.geant.org/display/netdev/QKD
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Completed Work

White Box

Data Transfer Nodes

Campus Network Management as a Service
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White Box

Exploring NREN's use cases for using open source OS on a commodity hardware:

• Customer Premises Equipment (CPE): FUNET, Renater

• Internet eXchange Point (IXP): Renater

• Data Centre: GRNET

Publications and infoshares:

• White Box Total Cost of Ownership

• White Box Evaluation

• White Box Performance Testing and Evaluation

• White Boxes in NREN Context, infoshare

Collaborate

More information:

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

https://www.geant.org/Resources/Documents/GN4-3_White-Paper_White_Box_Funet-CPE.pdf
https://www.geant.org/Resources/Documents/GN4-3_White-Paper_CPE_Router.pdf
https://www.geant.org/Resources/Documents/GN4-3_White-Paper_White_Box_GIX.pdf
https://www.geant.org/Resources/Documents/GN4-3_White-Paper_White-Box-GRNET-Data-Centre-Use-Case.pdf
https://www.geant.org/Resources/Documents/GN4-3_White-Paper_White-Box-TCO.pdf
https://www.geant.org/Projects/GEANT_Project_GN4-3/GN43_deliverables/D6-3_White-Box-Evaluation.pdf
https://www.geant.org/Resources/Documents/GN4-3_White-Paper_White-Box-Testing-and-Evaluation.pdf
https://events.geant.org/event/1064/
https://wiki.geant.org/display/NETDEV/WB
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Data Transfer Nodes

Exploring NREN needs and usage of DTN 
solutions:

• NREN Survey 

• Review of DTN hardware and tools

• DTN tests

• Optimising DTN Configurations

Publications:

• Data Transfer Node (DTN) Tests on the 
GÉANT Testbeds Service (GTS)

• Data Transfer Nodes: How Fast can your 
Data Travel?, infoshare

More information:

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

https://wiki.geant.org/display/DTN/NREN+Survey
https://wiki.geant.org/display/DTN/DTN+Hardware
https://wiki.geant.org/display/DTN/DTN+Tools
https://wiki.geant.org/display/DTN/DTN+Tests+over+GTS
https://wiki.geant.org/display/DTN/Optimising+DTN+Configurations
https://resources.geant.org/wp-content/uploads/2022/02/GN4-3_White-Paper_DTN.pdf
https://resources.geant.org/wp-content/uploads/2022/02/GN4-3_White-Paper_DTN.pdf
https://events.geant.org/event/219/
https://events.geant.org/event/219/
https://wiki.geant.org/display/NETDEV/DTN
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CNaaS Service Definition Checklist

3 Infoshares (presentations and recordings available):

• Offering Campus Network Management as a Service: 
Challenges and Lessons Learnt

• Tools for Campus Network Management as a Service

• Campus Network Management as a Service

Campus Network Management as a Service (CNaaS)
Evaluating use cases for Orchestration, Automation and Virtualisation (OAV)

More information:

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

https://www.geant.org/Resources/Documents/Campus_Network_Management_Service_Definition_Template_Checklist.pdf
https://wiki.geant.org/display/NETDEV/CNaaS
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Continuation of the GÉANT project – GN5-1

perfSONAR

GÉANT 
P4 Lab

WiFiMon TimeMap
Perf. Measurement 

Platform

Service Provider 
Architecture

NMaaS

RARE
T&F 

Networks
Quantum 

Technologies

TechLab

Network 
eAcademy

OAV Maturity 
Model

ODA Architecture 
Analysis

OAV Community 
Portal

OAV 
Terminology

• Smooth transition from the current project

• Duration: 1 Jan 2023 – 31 Dec 2024 

• Leaders: Ivana Golub (PSNC), Pavle Vuletić (UoB)

• Budget: 3,3 mil EUR

• Continuing BaU, innovation through the Incubator

new

Incubator

Focus Groups

new

Argus
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Collaborations

Global Network Advancement Group (GNA-G)

Special Interest Group - Network Operations Centre (SIG-NOC)
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Global Network Advancement Group (GNA-G)

• A community of Research & Education (R&E) network professionals worldwide

• Working together to align resources and achieve efficient global interconnections for 
global science collaborations and transnational education

• Work is done in Working Groups:

• AutoGOLE/SENSE

• GREN Map

• GNA-G Routing WG

• GREN Connecting offshore students

• Data Intensive Science

• Network Automation 
More information:

https://www.gna-g.net/

mailto:autogole@lists.gna-g.net
mailto:gren-mapping-wg@lists.nordu.net
mailto:routing-wg@lists.gna-g.net
mailto:gna-dis-wg@lists.gna-g.net
mailto:network-automation@lists.gna-g.net
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Special Interest Group - Network Operations Centre (SIG-NOC)

An open forum for network operators 
to exchange technical and business oriented 

information, knowledge, ideas and best practices.

More information: SIG-NOC wiki

Next meeting: 16-17 November 2022, Paris

Registration: https://events.geant.org/event/1296/

https://wiki.geant.org/display/SIGNOC/SIG-NOC+Special+Interest+Group+-+Network+Operations+Centre
https://wiki.geant.org/display/SIGNOC/17th+SIG-NOC+meeting+-+Paris%2C+France
https://events.geant.org/event/1296/
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More about our work @ upcoming events

2022

• 10 November NOG.HR Meetup

• 16-17 November 17th SIG-NOC

• 23 November GNA-G Community VC (6-8 am UTC & 8-10 pm UTC)

• 24 November In-band Network Telemetry infoshare

• 25 November Quantum Key Distribution deployments infoshare

• 28 November Argus infoshare

• 1-2 December Quantum Internet Hackathon

• 8 December I2 TechEx: 
* Time and Frequency Services in NREN Networks
* Monitoring the Hidden: TimeMap
* Network Automation eAcademy

2023

• 14 April Celebrating The World Quantum Day

https://events.geant.org/

https://nog.hr/hr-nog-meetup-1/
https://events.geant.org/event/1296/
https://www.gna-g.net/meeting/
https://events.geant.org/event/1315/
https://events.geant.org/event/1304/
https://events.geant.org/event/1326/
https://labs.ripe.net/view_draft/3380/1ocnPf/sVyJMr1-BX8uuwpB-Oy804ub8PJPXbycOUav4YpHn_Y/
https://internet2.edu/upcoming-events/technology-exchange/
https://events.geant.org/event/1225/
https://events.geant.org/
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Find out more about the WP6 work

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

Production 
services

Development

Presentations

Recordings

Code 
repositories

OAV 
Community 

Portal

OAV Training

White 
Papers

Deliverables and Milestones

Digital Architecture Mapping

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


Thank you

www.geant.org

Any questions?

Ivana Golub (PSNC), Tim Chown (Jisc)

Email: netdev@lists.geant.org

© GÉANT Association on behalf of the GN4 Phase 3 project 
(GN4-3).
The research leading to these results has received funding 
from
the European Union’s Horizon 2020 research and innovation 
programme under Grant Agreement No. 856726 (GN4-3).


