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GÉANT2 Topologyp gy
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GÉANT2 Vision Connect. Communicate. CollaborateGÉANT2 Vision
• Enable physicists, astronomers and researchers 

d th ld t h th i th i d t daround the world to share their resources, their data and 
their knowledge

• Provide the best possible network connectivity

• High Quality, Tailor-Made, Affordableg y

• Different stakeholders working together to provide a 
quality serviceq y

• that reaches the users!

É• GÉANT2 is not just a backbone network!



What have we achieved?
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• Pan-European Hybrid networks

• Advanced IP services

• Lambda and circuit services

• Since 2006 GÉANT2 provides pure wavelengths and GE 
circuits to interconnect NRENs across Europe

• Currently ~50 point-to-point connections crossing Europe 

• More than 0 3 Tbps capacity dedicated to projects such asMore than 0.3 Tbps capacity dedicated to projects such as 
DEISA, LHCOPN, Express, Phosphorus

• Aiming to provide these services across different world g p
regions.



Phosphorus – CRC – PSNC Connect. Communicate. CollaboratePhosphorus – CRC – PSNC



Lessons Learnt
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• Extra effort is required in order to set up the inter-domain parts 
of the connection: Multiple technologies

D i t ll d t t t l h• Domain controlled tests are not always enough 

• Domain controlled monitoring tools do not always help in the• Domain controlled monitoring tools do not always help in the 
end-to-end connectivity supervision

• Each stakeholder has its own SLAs and business models

• How can we make sure that our operational model is scalable?



What do we need?:                 
Multi Domain Operations
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• Several GÉANT2 activities are focused in supporting• Several GÉANT2 activities are focused in supporting 
Multi Domain Operations

• Objective: Delivery and support of multi domain 
services as one ‘virtual’ domain from the end userservices as one virtual  domain from the end user 
point of view

• Challenges: Deliver a complex service packaged in 
an simple format at an affordable operational costan simple format at an affordable operational cost
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Multi-Domain Operations:

Reducing operational costseduc g ope at o a costs
IP services monitoring

Lambda services monitoringLambda services monitoring



Multi Domain Operations-1:      
Reducing Operational Costs
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• Automated Provisioning of a service
- AutoBahn

• Efficient Delivery of Service Levels guaranteed to the 
customers: 
- Ease fault detection and resolution

- Monitoring: perfSONAR, E2EMon

E i ti b t t k h ld- Ease communication between stakeholders
- i-Share
- eduGAIN- eduGAIN



Automated Bandwidth 
R ti A t B h Connect. Communicate. CollaborateReservation: AutoBahn

• Demand for Ethernet Private Line circuits growing in• Demand for Ethernet Private Line circuits growing in 
GÉANT2

• Bandwidth on Demand could:• Bandwidth on Demand could:
– Improve the customer experience by providing circuit 

bookingbooking
– Possible reduction in network operation overhead

• Solution:• Solution:
– AutoBahn (Automated Bandwidth Allocation across 

Heterogeneous Networks)Heterogeneous Networks) 



A t B h Connect. Communicate. CollaborateAutoBahn 

• Service architecture tailored to the needs of the multi-• Service architecture tailored to the needs of the multi-
domain, multi-technology pan-European research and 
education community. y

• On demand dedicated circuits
– spanning multiple countries p g p
– multiple networks
– administered by different entitiesadministered by different entities
– using different technologies. 



Multi Domain Operations-2: 
Monitoring for IP services Connect. Communicate. CollaborateMonitoring for IP services  

• Hardware and software distributed across Europe (within 
ÉGÉANT2 network and the NRNs)

• It gives a global view of the network connectivity and 
performance

• Defined set of parameters:
– One Way Delay
– Bandwidth (BWCTL)
– Link utilization, Link Status, errors, drops:

• Cacti, RRD MA



Monitoring for IP services: 
fSONAR MDM t l Connect. Communicate. CollaborateperfSONAR MDM tool

• GÉANT2 multi-domain monitoring (MDM) tool: perfSONARGÉANT2 multi domain monitoring (MDM) tool: perfSONAR
• Objective:

– Correctly, efficiently and quickly identify network problems 
P id f t li bl d i t t d t k i ti– Provide fast, reliable and uninterrupted network communication

– Track issues across multiple domains 
• Strategy:gy

– cross-domain monitoring capability
– access network performance metrics from across multiple domains 

perform network monitoring actions in different network domains– perform network monitoring actions in different network domains
– network problems and performance bottlenecks can be traced and 

eliminated quickly
– proactively identify and prevent problems before service disruption 

occurs



perfSONAR MDM: accessing 
network information across 

Connect. Communicate. Collaborateseveral domains

perfSONAR is carried out by a 
consortium of organisations (GEANT

Authorized users can have 
t t kconsortium of organisations (GEANT 

2, ESnet, Internet 2 and RNP)

perfSONAR aims at making it easier 

access to network 
performance for diagnosis and 
troubleshooting

to solve end-to-end performance 
problems on paths crossing several 
networks. 
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One 
Way 
D lDelay
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Multi Domain Operations 3:Multi Domain Operations-3:
End-to-End Network 
Monitoring



E2E Link Monitoring Goal
Connect. Communicate. Collaborate

E2ELink A-B

P i t A
Domain B

Point A

PointB

Domain A Domain C
PointB

Goal: (near) real-time monitoring (link status) of constituent DomainLinks
(and links between domains) and whole end-to-end Link A-B.(and links between domains) and whole end to end Link A B.



E2EMon Approach
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E2ELink A-B

P i t A
Domain B

Point A

PointB

Domain A Domain C
perfSONAR
MP MA PointB

perfSONAR
MP or MA

MP or MA

perfSONAR

DomainLink and
(partial) ID_Link info

MP or MAperfSONAR
Measurement Point (MP)

or Measurement Archive (MA)

E2Emon
correlator

E2E link
view for users

E2ECU
operators



End-to-End Monitoring
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• Each domain installs software probes to capture up/down 
t t f th i li k f t k h dstatus of their links from network hardware

• This status info sent to PerfSONAR MP or MA:
C ll ti t k t t i f [UP / DOWN l ]– Collecting network status info [UP / DOWN only] 

– Historical archive for network status info
– Checks info and reformats into XML for collection by 

E2EMon
E2E M it i S t• E2E Monitoring System
– Queries PerfSONAR MPs & MAs

C t t DL & IDL t f E2E Li k– Concatenates DLs & IDLs to form E2E Links
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Multi-Domain Services SupportMulti-Domain Services Support 
and Services Monitoring



Monitoring the monitoring 
t th t k Connect. Communicate. Collaboratesystems on the network

GÉANT2 service desk dashboardGÉANT2 service desk dashboard

Nagios/Cacti Monitoring system

MDM One Way 
Delay

IP services
monitoring

• Multi-Domain Monitoring and IP services monitoring systems are 
installed on servers physically located in the network and put under 
constant monitoringconstant monitoring

• This ensures that the Multi-Domain Monitoring activity is always looked 
after and proactive action can be successfully carried out



MDM i it i Connect. Communicate. CollaborateMDM services monitoring
• MDM systems monitoring is performed using Nagios/Cacti (developingMDM systems monitoring is performed using Nagios/Cacti (developing 

a customised set of probes and interfaces)
• DANTE Service Desk is currently checking MDM servers:

– Hardware layer: CPU, MEM, disk space, network interfaces, 
TCP/UDP traffic 

– Resource layer: login attempts Tomcat RRT eXist RTT MySQLResource layer: login attempts, Tomcat RRT, eXist RTT, MySQL, 
NTP

– Service layer: MDM services availability and performace
• Additional tools:

– Syslog server (with MySQL support)
security log auditing (with automatic report tools)– security log auditing (with automatic report tools)

– Google-map/Nagios integration
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Liaising with other research 
t k Connect. Communicate. Collaboratenetworks

Other research networks (Internet2, Esnet), together 
with GEANT2:

- Combined effort in the tools development and p
deployment

- Exchange of operational experiencesExchange of operational experiences 

Common definition of services to users

Definition of global operational processes

Jointly address NOC requirementsy q

Standardise user support



Conclusions 
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• Multi Domain Operations• Multi-Domain Operations 

• Advanced network services (AutoBahn) 

• Multi-Domain Monitoring: perfSONAR

• E2EMonE2EMon

• The future: GEANT3

• Extending the service portfolio to production quality 
Multi-Domain hybrid networking



F M I f ti Connect. Communicate. CollaborateFor More Information 

• GEANT2 website: www geant2 net• GEANT2 website: www.geant2.net
• For latest news and factsheets  http://www.geant2.net/media
• For research activities http://www.geant2.net/researchp g
• AutoBahn: http://www.geant2.net/server/show/nav.756
• perfSONAR web pages  - www.perfsonar.net
• perfSONAR UI and deployment monitoring  http://perfsonar.acad.bg
• GÉANT2 MDM Service http://www.geant2.net/server/show/nav.1801


