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Abstract 

 

SA1, being one of the key activities within the FEDERICA project, aims to specify 

and deploy the whole FEDERICAôs network physical infrastructure, including the V-

nodes and the non-core network equipment, and to define the process for allocating 

those physical resources into virtual slices. The monitoring architecture for this 

network is also a responsibility of this service activity. 

The present document describes the technical choices that were made and addresses 

the issues that led to them. Final remarks are given regarding the next steps to be 

taken.  
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1 Introduction  

 

FEDERICA is a two-and-a-half-year EC 7
th
 Framework project to implement a 

versatile experimental network infrastructure for trialing new networking technologies. 

This infrastructure is intended to be agnostic as to the type of protocols, services and 

applications that may be trialed, whilst allowing disruptive experiments to be 

undertaken. The aim is to develop mechanisms that will allow such experiments to be 

run on slices of the FEDERICA physical infrastructure without adversely affecting 

other slices. 

SA1 is responsible for the definition and deployment of the physical infrastructure 

that will support FEDERICAôs services to the researchers that will make use of this 

project for their experiments. 

In a first phase, SA1 activities aim not only to engineer and deploy the physical 

topology that will connect all of the project partners, but also to specify in detail the 

integration of the PoP infrastructure within the internal network of each partner. 

 

1.1 Purpose and Scope 

 

This deliverable provides the description of FEDERICAôs physical network 

infrastructure implemented by the end of 1
st
 year of the project, including 

management, architecture, and configuration details. 

 

1.2 Document Overview 

 

The main goals of SA1 are the specification and deployment of the complete network 

infrastructure that is able to fulfil the FEDERICA project requirements. This 

document focuses on the early developments accomplished on the three sub-activities 

that are responsible for defining (1) the physical fabric of the network, (2) specifying 

the ways to create virtual slices and (3) monitoring and managing those resources.  

The physical infrastructure of FEDERICA consists of network equipment, 

virtualiation hardware, and virtualization software resources. The document describes 

all of those elements, providing information on the structure of the project resources. 

At the beginning the network topology and partners interconnectivity is described. 

The paper then explains PoPs architecture, its equipment and software platforms for 

virtualization. That also includes details of partner installation configuration, giving a 

focused view on available resources and virtualization capabilities. As FEDERICA is 

user oriented project, which is about to give a production  class service, this document 

describes project efforts on monitoring capabilities in order to assure network and 

virtualization quality. As the physical infrastructure is still under development, only 

the main part of it, which is operational at the moment of writing this document, is 

described here. The Summary chapter  of this  document includes information on 
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further development and planned enhancements which will be implemented next in 

the project lifetime. 

This document is structured as follows: 

Chapter 2 describes the network topology. chosen to address the objectives of the 

Project. 

In Chapter 3, Core PoP infrastructure is presented and detailed. 

Chapter 4 introduces the subject of monitoring of the network along with the issues 

and restrictions inherent to the concept of slice management. 

Final remarks and future work are address in Chapter 5. 
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2 Network Topology 

 

FEDERICAôs network infrastructure is the base for providing project virtualization 

services to researchers and end users. The design involves the interconnectivity of 12 

sites using dedicated 1Gbps channels, which are provisioned via DANTEôs GEANT+ 

service. During the design process, the emphasis was placed on the reliability, 

resiliency and load balancing of the network, based on GEANT2ôs infrastructure and 

resources availability at particular partnersô locations. FEDERICA network resources 

are divided in two parts ï core and non-core FEDERICA infrastructure. The 

FEDERICA physical topology is depicted on Figure 2.1 and Figure 2.2 

 

Figure 2.1 ï FEDERICA Physical topology. 
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Figure 2.2 ï FEDERICA physical topology on Europe map. 

 

There are currently 12 FEDERICA PoPs, divided into four core and eight non-core 

installations. Core PoPs are located in: 

 Czech Republic (CESNET) + monitoring site,    

 Germany (DFN),  

 Italy (GARR),  

 Poland (PSNC) + user access site.  

Non-core PoPs are located in: 

 Sweden (KTH) + management site 

 Hungary (NIIF/HUNGARNET) 

 Greece (GRNET, and ICCS) 

 Switzerland (SWITCH) 

 Spain (Red.es, and I2CAT) 
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 Portugal (FCCN) 

 Ireland (HEAnet) 

One Gigabit Ethernet channels, provisioned by Geant+ end-to-end service, connect 

core PoPs in a full meshed topology. The bandwidth is consumed from Geant+ 

service subscriptions from each project partner, as a project contibution. Each core 

PoP consists of one Juniper MX480 router and two computing servers Sun Fire 

X2200 M2. As core infrastructure interconnectivity is required to be highly resilient 

and efficient, only direct dedicated channels between core switches are allowed, 

avoiding inline L2 equipment from local partner NRENs. Thus, the Geant+ service 

connections, which terminate on the ports of DANTEôs Alcatel MCC 1678, need to 

be linked directly to the Juniper switch in each PoP. The only exception is the PoP in 

Germany, where the GEANT PoP is located in DFN facilities, in Frankfurt, while the 

FEDERICA PoP is located at Friedrich-Alexander University of Erlangen-Nuremberg 

(FAU), in Erlangen. For each physical link (both core and non-core) to or from DFN a 

dedicated lambda channel is provided between above locations, in order to fulfil the 

direct connectivity requirement. The core infrastructure is currently in operational 

status, as all circuits and servers are delivered, configured, and running. Table 2.1 lists 

all core connections and shows the GEANT+ circuit ID assigned to each of them, 

which are used by DANTEôs NOC. 

 1
st
 PoP 2

nd
 PoP Geant+ circuit ID 

1.  PSNC CESNET pra-poz_FEDERICA_CESNET-PSNC_08004 

2.  PSNC GARR mil-poz_FEDERICA_GARR-PSNC_08003 

3.  GARR DFN fra-mil_FEDERICA_DFN-GARR_08006 

4.  DFN PSNC fra-poz_FEDERICA_DFN-PSNC_08009 

5.  CESNET DFN fra-pra_FEDERICA_CESNET-DFN_08005 

6.  CESNET GARR mil-pra_FEDERICA_CESNET-GARR_08002 

Table 2.1 ï FEDERICA circuits between core PoPs. 

Non-core PoPs do not have the strict requirement for direct channels connections, 

thus other alternatives may be considered for interconnectivity (e.g VLANs). The 

current topology maximizes the number of connections between partners for 

redundancy purposes and tries to distribute channels on the GEANT2 footprint for 

traffic balancing. It also respects current resource availability in particular PoPs 

(availability of optics, fibers, GE interfaces on network equipment, etc.).  

Table 2.2 shows the connections involving non-core partners, with DANTE circuits 

identifiers for Geant+ services. 

 1
st
 PoP 2

nd
 PoP Technology Geant+ circuit ID 

1  HEAnet SWITCH Geant+ E2E circuit dub-gen_FEDERICA_HEANET-SWITCH_08029 

2  NIIF/HUNGARNET SWITCH Geant+ E2E circuit bud-gen_FEDERICA_NIIF-SWITCH_08011 

3  Red.es/RedIRIS HEAnet Geant+ E2E circuit dub-mad_FEDERICA_HEANET-REDIRIS_08031 

4  Red.es/RedIRIS FCCN Geant+ E2E circuit lis-mad_FEDERICA_FCCN-REDIRIS_08032 

5  Red.es/RedIRIS GRNET + ICCS Geant+ E2E circuit ath-mad_FEDERICA_GRNET-REDIRIS_08013 

6  Red.es/RedIRIS GARR Geant+ E2E circuit mad-mil_FEDERICA_GARR-REDIRIS_08012 

7  Red.es/RedIRIS I2CAT 2x 1Gbps VLANs N/A 

8  GRNET NIIF/HUNGARNET Geant+ E2E circuit ath-bud_FEDERICA_GRNET-NIIF_08018 

9  GRNET CESNET Geant+ E2E circuit ath-pra_FEDERICA_CESNET-GRNET_08010 

10  SWITCH DFN Geant+ E2E circuit fra-gen_FEDERICA_DFN-SWITCH_08014 
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11  KTH PSNC Geant+ E2E circuit 

& Eth VLAN 

cop-poz_FEDERICA_Nordunet-PSNC_08020 

12  KTH HEAnet Geant+ E2E circuit 

& Eth VLAN 

cop-dub_FEDERICA_HEANET-NORDUNET_08030 

Table 2.2 ï FEDERICA circuits between non-core PoPs. 

The FEDERICA topology, in reference to the GEANT2 (within Geant+ service) 

network infrastructure, is depicted on Figure 2.3. The circuitôs routes are subject to 

change, at the time when more technological options will appear. Currently the 

Frankfurt GEANT2 PoP is a critical one, as it terminates or passes seven connections 

at this moment, and there are no alternative routes to avoid it in case of failure. There 

is also high utilization of GEANT2 PoPs in Bratislava, Milan, and Geneva. As 

GEANT2 topology will evolve, it will be possible to avoid some critical network 

points in the future. The first step is to establish a direct PoznaŒ-Prague link, instead 

of passing through Frankfurtôs GEANT2 PoP. The direct connection is expected to be 

operating on the year of 2009. The link from Prague to Milan is about to be 

reconfigured to avoid Frankfurt and Geneve GEANT2 PoPs, and pass through 

Bratislava and Vienna. Finally the link between Dublin and Madrit will avoid Geneva, 

Aguilana, and Barcelona, through direct link from Paris to Mardit. The exact dates for 

this changes is not defined yet, however it is expected to have the network updated in 

the first half of the year 2009. 

 

Figure 2.3 ï FEDERICA topology over GEANT2 network. 
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KTH is connected to PSNC and HEAnet PoPs with mixed connectivity types, as it has 

limited direct access to GEANT2 infrastructure. Two dedicated VLANs, which pass 

SUNETôs infrastructure, connect KTH to NORDUNETôs network. NORDUNET then 

provides two Geant+ end-to-end circuits to PSNC and HEAnet partners for 

FEDERICA purposes. 

Red.es/RedIRIS, in Madrid, represents an important FEDERICA PoP, as it 

concentrates six connections to other sites.  

 GARR 

 HEAnet 

 GRNET 

 FCCN 

 I2CAT (with two links). 

 

As an NREN, RedIRIS has direct access to GEANT2 network infrastructure and all 

four connections to other countries are implemented via end-to-end Geant+ service 

channels (see Table 2.2). The second FEDERICA PoP in Spain, there is also another 

FEDERICA PoP located in Barcelona, which connects to the overall infrastructure 

through two VLANs, with 1Gbps capacity, provisioned via Red.es/RedIRIS network. 

There are two non-core FEDERICA PoPs in Greece, associated with GRNET and 

ICSS. Both locations will be equipped with dedicated FEDERICA switches with 

external connectivity via Geant2 Alcatel MCC, which is located at GRNET PoP. 

ICCS PoP external connectivity is provided by Athens MAN infrastructure. Since the 

infrastructure in Greece is not operational at this moment, the configuration details for 

it will be provided in the update of this document later in time.. 

FEDERICA non-core PoPs will be equipped with an Ethernet network series switch 

in order to connect computing servers to FEDERICA network infrastructure. The 

selection of the switch was preceded with definition of particular PoPs requirements 

in the context of connection types, technologies and supported standards. The final list 

of requirements is enclosed in Appendix I. 

The cost of the switch was also limited up to 4.500 Euro, including shipment, 

warranty and service, in order to fit into FEDERICA budget recommendations. 

Finally Juniper EX series switch was selected for deployment, as it met all 

requirements and also provides full compatibility with MX series switches installed in 

core PoPs. The procurement procedures for non-core switched was initialized at the 

end of the year 2008, and it is expected to have the boxes installed by the end of first 

quarter of the year 2009. Since that moment the building process of physical 

infrastructure of FEDERICA will be completed. 
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3 PoPs Infrastructure 

Three types of PoPs have been defined for the FEDERICA project: 

 Core PoP 

 Non-core PoP 

 Collaborating PoP 

The main FEDERICA infrastructure is built of Core and Non-core PoPs, which are 

static components of available resources.  

Collaborating PoPs defines infrastructures that can by attached to FEDERICA as 

resources, however they are remain in administration scope of external organizations. 

Thus they are not static part of the infrastructure. Those kind of collaboration is 

envisaged during project lifetime, however a procedures and requirements for such 

merge are not yet defined. 

Core PoPs are expected to provide high throughput interconnections and limited 

interference of background or Internet traffic. The connections between Core PoPs 

consist of dedicated optical channels, provisioned by Geant+ end-to-end service, that 

directly connect Juniper MX series routers in PoPs. The connections between Core 

PoPs creates a full meshed topology spanning locations in Germany (DFN), Poland 

(PIONIER), Czech Republic (CESNET), and Italy (GARR), as depicted on Figure 3.1 

DE PL

IT CZ

 

Figure 3.1 ï FEDERICA Core PoPs. 

The Core PoPs provide BGP peering between global Internet and FEDERICA 

infrastructure according to security policies defined by local partners and the 

FEDERICA project. The structure of Core PoP is depicted on Figure 3.2. The Geant+ 

Ethernet service, coming from each neighbour core PoPs, is terminated on the Alcatel 

1678 MCC switch. The connection is then forwarded to Juniper MX480 router. The 

virtualization infrastructure consists of at least two virtualization nodes with VMWare 

ESXi installed. In PIONIER and CESNET installations, there are additional servers 

running services dedicated to maintaining or accessing the infrastructure. In CESNET, 

there is a monitoring server responsible for collecting network and utilization 

statistics from switches and servers. PIONIER provides user access service with 

dedicated web based interface for end users. Juniper MX 480 router is also connected 

to local NREN infrastructure to provide BGP peering between FEDERICA 

infrastructure and global Internet, providing access to external resources, however 

reaching public Internet network from internal FEDERICA slice will be limited due to 

security and policy reasons. 
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Additionally, core PoPs aim to concentrate non-core PoPs, which may not always be 

connected by GEANT2 network services and can be provisioned using local NREN 

infrastructure resources.  

 

Figure 3.2 ï FEDERICA core PoP structure. 

Non-core FEDERICA PoPs have fewer constraints regarding connectivity type and 

technology, and their interconnectivity does not create a full mesh topology. The 

structure of non-core FEDERICA PoPs is depicted on Figure 3.3. 
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Figure 3.3 ï FEDERICA non-core PoP structure. 

There are three optional connection types reaching neighbour FEDERICA non-core 

PoPs. The first two make use of the Geant+ service: 

1. Direct optical link between GEANT2ôs Alcatel MCC to FEDERICA Juniper EX 

series switch, as in the core PoPsô case, or 

2. Connection from Alcatel MCC passes local NREN network infrastructure 

(possibly transforming into cooper-based link) and then connects to FEDERICA 

Juniper EX series switch. 

In the third option, connection does not rely on the Geant+ service and peering 

NRENs use their physical infrastructures to provide the connectivity (e.g. connection 

between Red.es/RedIRIS and I2CAT). 

Non-core PoPs are equipped with a single virtualization server, with further options 

for upgrade as project will progress. All virtualization servers are using the same 

VMWare ESXi version. 

Additional Services Node is optional and, at this moment, , two partners are supplied 

with them: 

 KTH, for performing the management and maintenance activitiesand also 

software/tools validation, 

 I2CAT for software validation and testing. 

 
































































































































































