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Abstract 

This Deliverable provides a closer look into the project partners' local test beds. The focus lies on the 
enhancements made compared to the status described in D3.1, which focused on the planning of test 
bed architectures and interconnections. In contrast to this, D3.2 reports on the actual implementation 
and operation of the individual local test beds while also covering the integration of IT platforms and 
relevant applications into MUPBED. 
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1 Introduction 

1.1 Purpose and scope 

This Deliverable provides an overview of  the changes made to local test beds of the IST Integrated 
Project MUPBED (“Multi-Partner European Test Beds for Research Networking”) since deliverable 
D3.1, finalised on October 7, 2004. 

1.2 Reference Material 

1.2.1 Reference Documents 

[1] MUPPET, Test Bed Overview, Deliverable 3.1, "D31_FINAL_V05_final.doc" 
[2] OIF-UNI 2.0, "oif2003.293.04.doc", Draft UNI 2.0 Specification 
[3] OIF E-NNI 1.0 Signalling, “OIF-E-NNI-Sig-01.0 - Intra-Carrier E-NNI Signalling 

Specification” 
[4] ITU-T G.8080/Y.1304, “Architecture for the Automatically Switched Optical Network (ASON)” 
[5] ITU-T G.7713, “Distributed Call And Connection Management (DCM)”. 

ITU-T G.7713.1, “Distributed Call and Connection Management (DCM) based on 
PNNI”. 
ITU-T G.7713.2, “Distributed Call and Connection Management: Signalling mechanism 
using GMPLS RSVP-TE”. 
ITU-T G.7713.3, “Distributed Call and Connection Management: Signalling mechanism 
using GMPLS CR-LDP” 

[6] ITU-T G.7715, “Architecture and Requirements for Routing in the Automatic Switched Optical 
Networks”. 
ITU-T G.7715.1, “ASON Routing Architecture and Requirements for Link State 
Protocols” 

[7] ITU-T G.7041, “Generic Framing Procedure (GFP)” 
[8] ITU-T G.806, “Characteristics of Transport Equipment – Description Methodology and 

Generic Functionality” 
[9] ITU-T G.707, “Network Node Interface for the Synchronous Digital Hierarchy (SDH)” 
[10] ITU-T G.783, “Characteristics of Synchronous Digital Hierarchy (SDH) Equipment 

Functional Blocks” 
[11] ITU-T G.709, “Interfaces for the Optical Transport Network (OTN)” 
[12] Clear Pond: www.clearpondtech.com 
[13] C. P. Larsen, L. Andersson, A. Berntson, A. Gavler, T. Kauppinen, T. Madsen and J. 

Mårtensson, “The Acreo National Broadband Testbed”, BREAD Broadband Europe 2005 
Conference, Bordeaux, France, Dec. 12-14, 2005 (submitted). 

[14] M. Olson, T. Kauppinen, G. Jacobsen: „The Swedish Broadband Testbed: Access related 
aspects“, Proc. 9th European Conference on Networks & Optical Communications, 
Technical University of Eindhoven (TUE), Eindhoven, The Netherlands, June 29 - July 1, 
2004. 

[15] IETF, Generalized Multi-Protocol Label Switching Architecture, "draft-ietf-ccamp-gmpls-
architecture-07.txt" 

[16]  VIOLA, a German national scale test network: www.viola-testbed.de 

 



IST – Integrated Project MUPBED 
Multi-Partner European Test Beds for Research Networking 

File: 
MUPBED-D3.2-final-v005.doc 

 

 
Page 5 of 36 

1.2.2 Acronyms and Abbreviations 

ACL Access List 
ADSL2+ Asymmetric Digital Subscriber Line, Version 2+ 
ASON Automatic Switched Optical Network 
ASTN Automatic Switched Transport Network 
ATM  Asynchronous Transfer Mode 
AToM Any Transport over MPLS 
BGP Border Gateway Protocol 
CDN Content Distribution Network 
CoS Class of Service 
CP Control Plane 
CPU Central Processing Unit 
CSPF Constrained Shortest Path First 
CWDM Coarse WDM 
dB Decibel 
DCN Data Communication Network 
Demux Demultiplexer 
DHCP Dynamic Host Configuration Protocol 
DSCP Differentiated Services Code Point 
DP Data Plane 
DTM Dynamic Transfer Mode 
DWDM Dense WDM 
ELH Extended LH 
EMS Element Management Software 
E-NNI External Network Node Interface 
EPON Ethernet PON 
ETH Ethernet 
FC Fibre Channel 
FE Fast Ethernet 
FEC Forward Error Correction 
FTTH Fibre To The Home 
Gbps Gigabit per second 
GE Gigabit Ethernet 
GE / GbE Gigabit Ethernet 
GFP Generic Framing Procedure 
GGF Global Grid Forum 
GMPLS Generalized Multi Protocol Label Switching 
GUI Graphical User Interface 
HD(D) Hard Disk (Drive) 
HDTV High Definition Television 
HW Hardware 
IA Implementation Agreement 
IDE Integrated Drive Electronics 
IEEE Institute of Electrical and Electronics Engineers 
IETF Internet Engineering Task Force 
IGMP Internet Group Management Protocol 
I-NNI Internal Network Node Interface 
IP Internet Protocol 
iSCSI SCSI over IP 
ITU-T International Telecommunication Union-Telecommunication Standardization Sector 
JBOD Just a Bunch Of Disks 
KB/MB/GB/TB Kilo/Mega/Giga/Tera-Byte 
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LAN PHY Local Area Network Physical Layer (Interface) 
LCAS Link Capacity Adjustment Scheme 
LH Long Haul 
LION Label Interworking in Optical Networks (former IST Project) 
LMP Link Management Protocol 
LSP Label Switched Path 
MAC Media Access Control 
MAN Metropolitan Area Network 
MPEG Moving Picture Experts Group 
MPLS Multi-Protocol Label-Switching 
MSMN Multi-Service Metro Networks  
MUPBED Multi-Partner European Test Beds for Research Networking 
NE Network Element 
NMS Network Management Software 
NNI Network Network Interface (aka Network Node Interface) 
NOBEL Next generation Optical network for Broadband in Europe 
NREN National Research Network 
O/E Optical / Electrical 
OADM Optical Add-Drop Multiplexer 
OIF Optical Internetworking Forum 
OSPF Open Shortest Path First 
OXC Optical Cross Connect 
P2MP Point to MulitPoint 
PDU Protocol Data Unit 
PIM (-SP) Protocol Independent Multicast (Sparse Mode) 
PON Passive Optical Networks 
PoP Point of Presence 
PVC Permanent VC 
QoS Quality of Service 
RAID Redundant Array of Independent Disks 
RFC Request for Comments 
RSVP-TE Resource Reservation Protocol – Traffic Engineering extension 
RTP Real Time Protocol 
SAN Storage Area Network 
SCSI Small Computer Systems Interface 
SDH Synchronous Digital Hierarchy  
SNMP Simple Network Management Protocol 
SONET Synchronous Optical Network 
STM Synchronous Transport Module 
SW Software 
TCP Transmission Control Protocol 
TLS Transparent LAN Service 
TMF TeleManagement Forum 
TOS Type Of Service 
UDP User Datagram Protocol 
ULH Ultra LH 
UNI User Network Interface 
URL Uniform Resource Locator 
VC Virtual Container 
VCAT Virtual Concatenation 
VLAN Virtual LAN 
VoIP Voice over IP 
VPLS Virtual Private LAN Services 
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VPN Virtual Private Network 
W3C WWW Consortium 
WDM Wavelength Division Multiplexing 
WP Work Package 
WRED Weighted Random Early Detection 
WWW World Wide Web 
XC Cross Connect 

 

1.3 Document History 

Version Date Authors Comment 
0.01 19/02/2005 H.-M. Foisel TOC 
0.02 23/06/2005 C. Gerlach contributions pasted & edited 
0.03 15/07/2005 C. Gerlach first draft 
0.04 18/07/2005 C. Gerlach fixes & updates 
0.05 19/07/2005 C. Gerlach fixes & updates 

 

 

1.4 Document Overview 

In this deliverable the overall design, the current status, the functions provided to the MUPBED 
project and the interfaces and functions for the interconnections of the Southern-, Central-, Northern-, 
Western- and Eastern European local test beds are described. 

Therefore the  document is structured according to the participating test bed owners: TILAB, 
Deutsche Telekom, ACREO, Telefonica TI+D and PSNC. 

Additionally in Chapter 3 the OIF world interoperability tests are covered since that event had a great 
influence on the testbeds at TILAB and Deutsche Telekom. 
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2 Design and architecture of the five MUPBED  local test beds 

2.1 PSNC test bed 

PSNC test bed is reflecting the simple architecture used by NRENs rather than more sophisticated 
telecom infrastructures. This testbed is a geographically distributed infrastructure, reflecting the 
current design of PIONIER network. It is composed of a number of Juniper routers (up to three can be 
used with any interconnection topology), Ethernet switches and customer endpoints (Linux boxes). 
The picture below shows the detailed physical implementation of the MUPBED testbed in Poland. 

 

 

 

 

 

 

 

 

 

 

 

 

 

  PIONIER devices 

 

  PSNC devices 

  

  GEANT devices 

 

Figure 2.1-1:  PSNC + Pionier  physical test bed architecture 

 

 

This testbed architecture accurately reflects PIONIER network and in fact bases on the operational 
network.  
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Figure 2.1-2:  PSNC + PIONIER logical test bed architecture 

 

IP/MPLS cloud based on Juniper routers 

The IP/MPLS part of the testbed will be built using a number of Juniper routers.  The first router here 
will always be Juniper M7i equipped with Gigabit Ethernet interfaces, which is located in Poznan. 
This will be the border router of the testbed. 

Other Juniper routers (Juniper M5) located in Gliwice and Wroclaw will be also equipped with 1GE 
interfaces and connected to the border router M7i using VLANs over 10GE national backbone.  

Juniper routers will provide standard MPLS functions (LSP,  signalling, UNI) . 
 
Client/management station 
Client/management station will perform two basic functions. First it will provide a management 
interface to the Juniper boxes (CLI) and also a monitoring mechanisms for these routers. 
Second function of the device is the UNI capability. We will use this station to initiate service 
requests across the MUPBED testbed and also as UNI proxy, to allow signalling from end user 
application to the IP/MPLS cloud and further to MUPBED testbed. 
 
 
Other devices 
Depending on the project evolution and requirements, additional devices can be connected as the 
client machines, including: traffic generators and analysers, audio/videoconferencing equipment, 
streaming servers and grid clients. This will happen only when MUPBED project decides on the 
application selection for the testbed. 
 

 

2.2 ACREO Test Bed 

2.2.1 General information 

 
Acreo’s National Testbed is an end-to-end network including access, metro and transmission links 
with more than 200 end users testing real services. Apart from an R&D platform the testbed serves as 
an open meeting place for all groups involved into the development of broadband networks, be it 
technologies, services, or business models. The technical focus of the testbed is future broadband 
networks in general, with a special focus on open Multi-Service Metro Networks (MSMN) and the 
open network paradigm [13, 14]. The architecture of the testbed is shown in Figure 2.2-1. 

MUPBED 
Juniper M7i 

Juniper M5 

Juniper M5 

Client/Mgmt CTRL (CLI) 

UNI+DATA  
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The testbed covers all areas from end-users through access networks to core networks. This includes 
technical solutions, network architecture, user perception investigations, test methodology, business 
models and not the least, the interfaces between the different areas of the network. Nationally, Acreo 
contributes to design guidelines of how to build broadband networks and to specifying the interfaces 
to and from the metro networks. Internationally, Acreo is involved in the IETF with focus on the 
GMPLS protocol suite. 
 
The metro core part of the testbed is built according to the GMPLS architecture described in [15]. The 
GMPLS architecture is a multi-layer-architecture, meaning that a common control plane controls 
several data planes. 
 
The testbed is built to test transparent optical networking technologies, including control of multiple 
layers (IP/Ethernet/WDM) by means of GMPLS. This is done in a network where all nodes run a 
common control plane, and it is possible to establish connectivity over several layers, e.g. an Ethernet 
VLAN between two switches that are interconnected through an OXC. The common control plane 
controls routers, switches and OXCs and the connectivity (VLAN) from the router to the switch and 
from the switch (VLAN/WDM) to the OXC that switches on the lambda-level. 
 
 

 

Figure 2.2-1: Architecture of the Acreo National Testbed 

 
The Acreo testbed consists of two major parts located in the cities of Stockholm and Hudiksvall, the 
latter being about 400 km north of Stockholm. The Stockholm and Hudiksvall parts are connected via 
a WDM link, which includes two Wavium opto-electrical cross-connects WX1000 (not shown in the 
figure).   
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Figure 2.2-1 reflects in detail mostly the Hudiksvall part of the testbed, whereas the Stockholm part 
(briefly shown in lower part of that picture) will be considered in more detail further in the text.  
 
The Hudiksvall network features: 
 

• 7 access areas based on 2 different  access system concepts (L2/L3) 

• 3 access technologies (copper, multimode fibre, single-mode fibre) from PacketFront and 
Ericsson 

• Point-to-point (P2P), Ethernet passive optical network (EPON), and copper (ADSL2+) access 
implementations 

• 200 private test-pilots (also 20 in Sollentuna, Stockholm) 

• Ethernet transport between access areas 

• IP-based network 

• WLAN hot-spot at a railway station 

 
Though different access network technologies are used in the access part of the Hudiksvall network, 
they all have in common that they support at least 24 Mb/s of bandwidth. The ADSL-connected test 
pilots have a maximum bandwidth of 24 Mb/s on copper, the Ethernet PON users have 100 Mb/s or 
more over fibre, and P2P Fast Ethernet on copper or fibre users have a maximum bandwidth of 100 
Mb/s. The Hudiksvall testbed is also connected to the Hudiksvall Community Network (HCN).   
 
The Stockholm network shown in the lower part of Figure 2.2-1 (rectangle “Acreo Kista”) 
demonstrates the connections of the Acreo network to the Ericsson Lab Network (L3 via Ericsson’s 
router, called “Edge router” in the figure), to Service Exchange Point at Tulegatan (L2 connection via 
the same router, acting as a L2 switch in this case), and to the Sollentuna Energy Network (L2 
connection via the Edge Router and a CWDM link). The Core Router shown in the figure is a Juniper 
M10 router of the Acreo Electrum Node in Kista. This router is also a part of the GMPLS-enabled 
shown in Figure 2.2-2.  
 
The GMPLS-enabled part of the testbed consists of the Transmode Mentis3000 WDM platforms 
(partly forming a ring metro architecture) and Juniper routers (see Fig. 2.2-2). The boxes resembling 
PC's in the figure are Linux-based routers. The GMPLS enabled metro core part of the testbed is built 
according to the full GMPLS peer paradigm, but it also includes points that support the overlay (IETF 
UNI) model. The overlay model functionality is implemented between the Juniper routers and the 
Wavium cross-connects on the Stockholm-Hudiksvall link.  The Stockholm testbed is aimed as a three 
layer GMPLS testbed dealing with dynamic connectivity on wavelength, Ethernet and IP level.  
 
The GMPLS part of the testbed has so far been assembled and tested in the lab environment and shall 
be deployed in the field during autumn 2005. At that time the number of nodes will be increased and 
more functions will be introduced. In the present lab implementation, a part of the lab deployment is 
in the Acreo lab and another in a lab at the Royal Institute of Technology (KTH). The GMPLS-
enabled part will be connected to the rest of the testbed via the Core Router in Figure 2.2-1, which is 
the Juniper M10 router at Acreo Electrum node shown in Figure 2.2-2.  
 
The connection to the GEANT and MUPBED partners is implemented through the Juniper M5 router 
on the right-hand side of Figure 2.2-2. The GbE interface of the router is connected through an HP 
Ethernet switch, situated at KTH Main Campus, 12 km from the Acreo Electrum node, to a GEANT 
MPLS router at Telia’s premises, 8 km away from the KTH main campus. Five VLANs are 
configured at the HP switch to provide L2 connectivity between the four MUPBED NRENs and the 
Technical University of Denmark (DTU). The VLANs are mapped to GEANT LSPs (and back) at the 
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GEANT MPLS router at Telia’s premises. More detailed description about the connections of the 
Acreo testbed to the MUPBED partners can be found in the MUPBED Milestone 21/22.    

 

 

Figure 2.2-2: The GMPLS-enabled part of the Stockholm network 

 

2.2.2 Equipment, physical and data layer connections 

The summary of the equipment (vendors) and infrastructure carriers participating in the Acreo 
Testbed is given below: 
 

· Access equipment: Internet Photonics, Ericsson, Packet Front, All Optics. 

· Home equipment: (STB) Amino, I3Micro, Kreatel (Switch); 42Networks, Packet Front 
(VoIP) I3Micro. 

· Management systems: Internet Photonics, Ericsson, Packet Front, Transmode, Net Insight. 

· Core equipment: Extreme Networks, Juniper Networks, Wavium, Transmode, Ericsson, Net 
Insight. 

· Fiber infrastructure: TeliaSonera, Stokab, Hudiksvalls stadsnät, Sollentuna energi. 

 
A more detailed description of the equipment and connections of the testbed is given below. 
 
 
Fibre 
The physical layer of the Acreo testbed is mostly built upon optical fibre. The fibre connections have 
been established between Acreo in Kista and the Sollentuna Energi Network (single fibre, bi-
directional transmission), between Acreo Kista and Hudiksvall (about 400 km from Stockholm; fibre 
pair, bi-directional transmission), and between Acreo Kista and the Ericsson Lab Network (single 
fibre, no WDM). There is also a developed fibre network for delivering Ethernet in Hudiksvall. The 
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access network in Hudiksvall includes FTTH (P2MP and EPON) and ADSL2+. Fibre connections 
have also been prepared in Stockholm between Acreo Kista, Royal Institute of Technology (KTH) in 
Kista, KTH Main Campus and Vällingby. 
 
WDM 
The optical link connecting Acreo Kista and Hudiksvall use DWDM (Ericsson’s ERION equipment; 
2.5 Gb/s, 4 channels), and the optical link between Acreo Kista and the Sollentuna Energi Network 
runs over a CWDM Mentis 3000 platform from Transmode (up to 2.5 Gb/s, 2 channels). The DWDM 
connection in Stockholm between Acreo Kista, KTH Kista, KTH Main Campus and Vällingby with 
2-3 channels of the maximum 2.5 Gb/s capacity will be finalised in the near future. In Stockholm, 
there will be a total of 9 GMPLS-enabled nodes (4 of which will be all-optical XCs) using Juniper and 
Transmode equipment. 
 
DTM (Dynamic Transfer Mode) 
A 2.5 Gb/s DWDM channel between Acreo and Hudiksvall is used for running a time-division-based 
Dynamic Transfer Mode (DTM) as the transport and switching technology from Net Insight. 
Currently (June 2005), there are two DTM nodes in Kista and one node in Hudiksvall. It is planned to 
install two more DTM nodes in the Stockholm as part of the test bed. The DTM nodes on the link 
between Stockholm and Hudiksvall encapsulate Gigabit Ethernet traffic.    
 
Ethernet 
Gigabit Ethernet is the L2 technology for most of the Acreo Testbed. GbE is also used on one of the 
WDM channels between Stockholm and Hudiksvall. Ethernet is also the technology used for the 
customer interfaces. 
 
Internet Photonics Inc. 
The switch from Internet Photonics is a non-standard Gigabit Ethernet switch. The switches are used 
in the testbed for Ethernet transport between most parts of the access network.  
 
Juniper 
Currently, two Juniper routers are connected to each other over a channel of the DWDM link between 
Acreo Kista and Hudiksvall. The router in Hudiksvall is connected to the Internet. The Juniper routers 
at Acreo Kista together with Juniper routers at KTH Main Campus, KTH Kista and at Vällingby City 
network run over Transmode DWDM platform constitute the GMPLS-enabled part of the testbed. A 
part of the GMPLS functionality tests have already been performed in the Acreo’s Lab in Kista. 
 
Transmode  
The testbed has a Transmode CWDM/DWDM OXCs platform with 2.5 Gb/s per channel capacity. 
Two channels run between Kista and Sollentuna in Stockholm, 2-3 channels between Acreo Kista, 
KTH Kista, KTH Main Campus and Vällingby in Stockholm in the near future. 
 
Packet Front 
The Packet Front is an IP based access router with L3 switching capability. A number of Packet Front 
routers are used as access switches in the Hudiksvall part of the testbed.  
 
Extreme 
The Extreme Alpine is an IP router/switch. Two Extreme routers set up a L3 connection between 
Acreo Kista and the Ericsson Lab Network.   
 
Ericsson 
We have totally 4 2.5 Gb/s channels over the ERION DWDM platform and it also implements a 
40Gb/s experimental channel between Stockholm and Hudiksvall.  
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Net Insight 
The DTM platform implements channels of 1 Gb/s capacity. We have currently deployed two DTM 
nodes in the Acreo lab and one node in Hudiksvall. We plan to install a total of 5 nodes. 

Wavium 
Two Wavium opto-electrical cross-connects WX1000 are setup on the WDM link between Stockholm 
and Hudiksvall (one in Stockholm and one in Hudiksvall). The cross-connects are used for switching 
traffic between the two parts of the testbed. 

2.2.3 Addressing plan 

Most of the Acreo testbed nodes use private addresses. The used private address blocks are 
192.168.x.x. and 172.16.x.x (for the GMPLS part of the network). Private addresses will also be used 
in Acreo-MUPBED partner connections.The exact addressing plan for this will be finalised in the near 
future. A number of public addresses are also used in the testbed.  

2.2.4 Network protocols and implementation tests 

 
The Acreo testbed control plane is based on the extensions of IETF routing protocols (OSPF and 
BGP) and the IETF signaling protocol for GMPLS; RSVP-TE. This is a multi-layer control plane, 
meaning that both L3, L2 and L1 connectivity is set up through the same control plane. The interfaces 
from the testbed to other networks are provided through Juniper routers which  terminate the control 
and switch the data plane. The Juniper routers currently support the following GMPLS functions/ 
protocols: 
 

· RSVP-TE for GMPLS: RFC 3473 

· OSPF-TE for GMPLS: draft-ietf-ccamp-ospf-gmpls-extensions-12.txt 

· SONET-SDH extension: draft-ietf-ccamp-gmpls-sonet-sdh-08.txt 

· Signaling for non-adjacent RSVP: draft-ietf-mpls-lsp-hierarchy-08.txt 

· GMPLS overlay: draft-ietf-ccamp-gmpls-overlay-04.txt 

· Others: RFC 3471, draft-ietf-ccamp-gmpls-routing-09.txt 

The data plane of the testbed is currently built on WDM, Ethernet and IP in the core network, while 
towards the customers Acreo run single channel wavelengths and Ethernet. 

We have tested basic functionality of the GMPLS implementations (i.e. OSPF-TE and RSVP-TE) on 
equipment from several vendors. We have also done some failure scenario tests, e.g. path protection 
and have been able to verify the basic functionality on all active nodes. Test on how they operate over 
longer terms are scheduled for the future. There are planned activities to verify the scaling properties 
of a multilayer network, both for the network as such and with respect to performance of single nodes.  

2.2.5 Services  

The major service delivered through the Acreo testbed is the “triple-play”, i.e., data (Internet access), 
telephony (voice over IP, VoIP) and television (IP-TV) in a single jacket. The bandwidth for triple 
play services in the testbed are up to 35 Mb/s today, depending on the number of IP-TV channels, and  
are chosen with certain requirements of network architectures and parameters like e.g. delay and jitter 
in mind. More than 200 costumers are connected today across Stockholm and Hudiksvall, and more 
are continuously added. Those with 100 Mb/s connections are able to receive extended triple-play 
services that include at least two HDTV channels. 

The other services implemented or scheduled for implementation in the testbed include:  
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· High bandwidth connection for X-ray picture connection from hospital to doctors home 
(EPON) 

· Test of old@home service: easy older care using centralized server, set-up of high quality TV 
connection to relatives 

· Accedo provides games, comic strips and horoscope, services included in UPC TV portal 

· Services implementation and user behaviour tests, jointly with FOV and WII 

The service providers in the Acreo testbed include Sollentuna energi, UPC, Alltele, and Hudiksvalls 
stadsnät and Accedo. 

2.2.5.1 IPTV implementation using IP multicast technology 

Acreo delivers IPTV from two service providers through Acreo’s broadband testbed. The TV 
channels are fed into the network by the playout. The channels are compressed using the MPEG2 
algorithm and put into IP packets. The packet size is approximately 1500 bytes. Two service providers 
offer a large number of channels. 

The TV channels are distributed through the network using an IP multicast technology. The Protocol 
Independent Multicast (PIM) protocol is used for distributing multicast group information among the 
multicast routers. Acreo runs PIM in sparse mode (PIM-SM) which means that multicast groups are 
only forwarded to routers with active receivers. The receivers of a particular TV channel are identified 
with a single IP address (from an address space specifically designated to multicast) which is used as 
the destination address in the IP headers of the multicast streams.  

Receiving end systems use the Internet Group Management Protocol version2 to signal their interest 
to join or to leave a particular multicast group.  

In addition, Acreo has enabled IGMP-snooping in both the layer 2 and the layer 3 based access 
system. IGMP snooping is a procedure where Ethernet switches (or Ethernet interfaces) monitor the 
IGMP messages to keep track of which Ethernet interfaces are having active receivers of each 
multicast group. Multicast groups (TV-channels) are only forwarded to active receivers instead of 
being broadcasted to an entire VLAN.  IGMP snooping is particularly important in the L2 based 
system where the Ethernet network is large with many interfaces. IGMP-snooping is also used in the 
L3 based system on the interfaces of the access routers.  Without IGMP-snooping a TV channel 
would be sent on all interfaces belonging to the same VLAN, with IGMP snooping the TV channel is 
only sent on the interface having an active receiver. 

In order to support the QoS requirements of the applications the different flows are given different 
priority through the network. The following support for differential QoS has been implemented in 
Acreo testbed: 

· Differentiated services code point (DSCP) for marking IP packets 

· Class of Service (CoS) marking of Ethernet frames 

· COS to DSCP mapping and remapping 

· Four hardware queues 

· Weighted Round Robin (WRR) priority queuing 

All end-users in the L3 based system are being offered IPTV from one provider, and a small number 
of users connected with the L2 based system are offered IPTV from the second provider. Both service 
providers offer a large number of channels, equivalent to what is commonly offered by commercial 
cable TV services in Sweden. The aim is that service providers should compete and that end-users 
should be able to choose between different service providers. So far this has not been possible mainly 
due to difficulties in getting the service providers to agree on the terms for delivering their service 
over an open network. 
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The TV channels are injected into the network by the service providers. The service provider receives 
the channels compressed, in most cases via satellite. If necessary, the service provider may chose to 
decompress and recompress the stream, e.g. in order to change the bit-rate. The individual channels in 
Acreo’s testbed are compressed with the MPEG2 algorithm. The bit-rate of the video content varies 
from channel to channel but is in the range of 4 -5 Mb/s. In order to prevent unauthorized viewing, the 
service provider scrambles the channels before transmission. A subscriber authorization system is 
responsible for encrypting and delivering code words to the end-users that enables de-scrambling.   

The number of available channels varies with time, but is typically around 20. The aggregated bit-rate 
of the IPTV channels from one service provider is typically about 60-70 Mb/s.  

The homes are connected with Fast Ethernet connections which are terminated in a residential switch 
in each home. The residential switch has eight ports to which home equipment can be connected. In 
the L3 system there is no QoS marking of the frames downstream of the access router. Instead the 
residential switch is statically configured with higher QoS on specifically marked client ports. 
Upstream traffic is QoS marked in the access router on the basis of source MAC address. In the L2 
based system the residential switch support CoS and the TV services has a specifically designated 
VLAN.  

Once separated from other traffic a set-top box transforms the IPTV stream of packets into a TV 
signal. The service providers use conditional access systems that prevent unauthorized viewing. 
Authorized receivers in a first step de-scramble the channel and retrieve an mpeg2 transport stream. In 
a next step the content is decompressed to a digital TV signal.  

 

2.3 Telefonica TI+D test bed 
TI+D test bed, named Western Europe Test bed, is an IP/MPLS network with the architecture shown 
in Figure 2.3-1. It is composed of GigaSwitchRouters GSR, with a specific IP/MPLS area constituting 
the backbone, two metropolitan areas MANs interconnected by the backbone and finally the access 
network for clients and servers composed by “pedestals” with FE interfaces and the corresponding 
access functionalities. 
The network is supporting GbE and FE interfaces for principal internal connections, where traffic is 
higher, and FE interfaces for the Ethernet accesses and for secondary internal connections in order to 
provide alternative paths for traffic. Some trunk links are also configured, grouping FE interfaces to 
increase the link capacity and the reliability at layer-2 level. 
 
For the external interconnection to RedIRIS an STM-1 155Mbps ATM interface is used, 
encapsulating IP traffic over ATM, with a PVC 34 Mbps defined for MUPBED traffic forwarding. It 
is necessary highlight that in the near future this ATM connection is going to be changed to a 
connection based on VLANs using a new GbE link. With the collaboration of the Spanish NREN 
RedIRIS, it will be possible to provide this GbE link between the TI+D test bed and RedIRIS, so the 
Ethernet frames will go directly across the link over the corresponding VLANs, increasing the 
efficiency in the transport of IP traffic between the TID test bed and other MUPBED partners via 
RedIRIS, Geant and other NRENs as it is foreseen. 
 
Clients connect to the MANs by means of the FE interfaces to access the different services. The PC 
acting as server, htdvserver in the figure, is connected to the MPLS backbone, and all clients 
accessing the different services it provides will use the MPLS functionality in the backbone. The 
network support unicast and multicast traffic which is forwarded through all the test bed areas. 

A VPLS scenario can be configured using the MPLS functionality supported by the GSR in the 
backbone, connecting different PCs to it. In this way, the MPLS backbone area could appear as a 
logical layer-2 switch to each client site. 
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Figure 2.3-1:  TI+D local test bed architecture 

 

The test bed has been correctly installed, configured and the preliminary and basic interconnection 
tests have been carried out in isolated and interconnected scenarios. Anyway, being a first version of 
the final test bed, it might change in a near future, depending on how new individual equipment 
integrates the test bed and/or in case of some new tests that may be necessary. In that case, the 
architecture is prepared to be adapted to those possible changes in an easy way, and configuration 
tasks would be simple and fast, due to the clear segmentation of the model. 

 

2.3.1 Test bed equipment 

The equipment used in the integrated TI+D test bed is detailed below:  

· Riverstone routers, including RS3000 and RS8000 models with different capacity. Some of them 
are equipped with MPLS cards and will consequently take part of the backbone, supporting some 
related functions like static and dynamic LSPs (explicit-LSP and CSPF-based LSP included) and 
allowing the provision of other network functions like VPN layer-2 (VPLS) and layer-3. Routers 
also support multicast protocols. 

· Cisco 4000 series, which is the gateway to RedIRIS/Geant, supporting external interconnection to 
RedIRIS with an STM-1 155Mbps ATM interface, with a PVC 34 Mbps defined for MUPBED 
traffic in which the IP traffic is encapsulated over ATM. This unit will be updated and/or changed 
once the migration to a full GbE link will be made. 
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· PCs acting as video/music servers for multimedia services (on-demand and distribution), both 
multicast and unicast based. 

· Some servers for the provision of distribution multimedia services. Among other, a TV 
Distribution server from PixStream is connected in order to provide live-TV channels and high 
quality video distribution using configurable multicast channels. 

· Some PCs as multimedia clients to deliver the services deployed in the network.  

 

This list could be completed in the future, interconnecting new equipment in order to enhance the 
functionality and features of the test bed. 

 

2.3.2 Addressing Plan 

In principle all IP addresses in the test bed have been statically configured, both for routers and 
interfaces as for the PCs and devices acting as servers and clients. In this first step, for addressing 
purposes in the TI+D test bed two private addresses range have been assigned, so they can be used 
only for internal accesses [ 10.4.0.0/16 , 192.168.99.0/24 ]. 

To allow for external access to/from other remote test beds, RedIris has assigned a public addresses 
range to be used in the TI+D test bed  [ 193.146.141.0/29 ]. Configuring the corresponding NAT/PAT 
procedures in the interconnection node in TI+D test bed (A-TID-RS3-4 router), the address/port 
translation is implemented so externally the access to this test bed is done through public IP addresses 
into the assigned range with no overlapping with the internal (private) ones. 

Using the two private addresses range assigned, the internal addressing plan has been defined taking 
into account the following criteria: 

· The loopback addresses for network nodes are configured in the range 192.168.99.X. 

· An x/24 subnet is reserved for every router, beginning with 10.4.1.0/24 and finishing with 
10.4.13.0/24. 

· An x/29 subnet is reserved for each interface connected to a router. The x/24 subnet of each router 
is split up into thirty-two /29 subnets and they are assigned in a orderly way to interfaces. For 
example, the first router has subnets from 10.4.1.0/29 to 10.4.1.248/29, the second from 
10.4.2.0/29 to 10.4.2.248/29, and so on. The x/29 subnets have eight possible addresses, but only 
six can be used because the first and the last are reserved for “network” and “broadcast” purposes. 

· Client and server PCs and other equipment connected to the test bed are given x/29 subnets, but 
from the subnet 10.4.100.0/24. Interfaces for them are configured in all routers, so changing a PC 
from a router to another just means to change the physical link. That will be very interesting when 
intensive tests are performed, allowing to change the location of servers and/or clients devices in a 
very easy, fast and dynamic way. 

· When connecting two routers, two subnets correspond to the interface that links them, one per 
router. Only the highest one will be chosen. 

 

Table 2.3-1below shows the public addresses assigned to external accesses to TI+D, detailing the 
devices (servers, webcam, PCs, etc) which can be accessed externally from other remote test beds, in 
order to provision remotely the services deployed in the TI+D test bed. 
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Table 2.3-1: Address assignment in TI+D test bed 

Device IP internal NAT/PAT mode IP public 
(external access) 

Function 

hdtvserver 10.4.100.34 Static assignment 193.146.141.1 VoD, Video-Distribution, 
HDTV Distrib, Web server 

hdtv 10.4.100.58 Static assignment 193.146.141.2 Multimedia client 

labocam 10.4.100.74 Static assignment 193.146.141.3 WebCam for Remote 
Surveillance 

videoserver 10.4.100.18 Static assignment 193.146.141.4 VoD, Video-Distribution 

any 10.4.100.x Dynamic 
assignment 

193.146.141.5-6 Internal devices in TI+D test 
bed 

 

2.3.3 Network Protocols 

The network protocols configured and running in the local TI+D test bed are the following: 

 

· OSPF:  distributes routing information between routers in a single autonomous system, choosing 
the least-cost path as the best path. Being used as unicast routing protocol, it is enabled in the 
whole network (backbone and MANs). 

· PIM-SM: forwards traffic to multicast groups throughout a network, relying on the unicast routing 
protocol for forwarding information. ‘Sparse mode’ implies that there is no flooding of multicast 
packets, but they are only sent to receivers that explicitly request it. Multicast distribution trees 
are formed. The protocol is enabled in the whole network. 

· IGMPv2: used by customers in the access network to establish and maintain multicast group 
memberships, and by routers to keep track of members on their directly connected networks. 

· MPLS:  enables routers to forward traffic based on a simple label, embedded into the packet 
header. It is enabled in the backbone area, allowing to build LSPs and other related functions as 
layer-2 and layer-3 VPNs.  

· RSVP: permits hosts to request certain QoS (MPLS based) from the network. It also permits 
routers to deliver QoS requests to all nodes on the path of a unidirectional data flow. It is enabled 
in core network. 

· LDP: allows routers to establish an LSP through a network, by mapping layer-3 routing 
information to layer 2 switched paths. It is activated in backbone area, to support among other, 
VPLS signalling and provisioning. 

· SNMP: enabled for management tasks. 

 

For test purposes of the networking functionality (unicast and multicast), unicast Video/Music on 
Demand and Video/Music distribution applications have been used, in addition to other test tools as 
traffic-generators, traffic analysers or network management applications. 

2.3.4 Supported Network Functions 

The network functions supported in the TI+D test bed are described below. Some specific network 
functions and services have been configured and developed in the test bed, so they have been included 
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in order to increase the features of the network and to allow a more suitable deployment of the offered 
services, also enriching the tests to be done over the System. 

The local TI+D test bed offers or will offer the following specific network functionalities: 

· Layer-2 Ethernet connectivity and Layer-3 IP routing according to standard protocols. Layer-3 
forwarding is based on OSPF for unicast routing, in order to optimise the paths of IP packets 
through the network. 

OSPF has prefixed path costs (metrics) but they can be modified, so static traffic engineering is 
possible. For size reasons, the whole testbed forms part of a unique OSPF backbone area, not 
being necessary to divide the system into smaller sub-areas. 

Other functions like multi-link-trunking (joining several ports/interfaces as if they were only one, 
performing as the sum of all of them), routing-policies, QoS-based routing and Equal-Cost Multi-
path (ECMP) are also supported and can be enabled. ECMP permits packets with the same 
destination to be sent over different interfaces simultaneously, traffic being split between them. 

This is already available in the TI+D test bed. 

 

· IP Multicast support based on PIM-SM and IGMPv2. This allows the possibility to forward IP-
packets to a group of receivers which have explicitly asked for a multicast content. IGMP-
snooping is also supported. 

As stated above, multicast and MPLS are compatible in the test bed, running in parallel, not in a 
embedded way. A provisioning scenario (part of the whole test bed) is detailed in Figure 2.3-2, 
supposing a client is connected to a MAN and the distribution server to the backbone and where 
the Rendezvous Point RP for multicast trees is shown. 

 

 

  Figure 2.3-2:  Multicast deployment in TI+D test bed 

 

Dynamic selection of Rendezvous Point (RP) is supported, based on Bootstrap Router mechanism 
(BSR). However, in the test bed it will be statically configured, which will make tests and 
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configuration tasks easier. Furthermore, RP will be chosen in a way that switchover tests can be 
performed with little changes (it also will depend on the video servers locations). 

Multicasting is running and fully available in the TI+D test bed. 

 

· Traffic engineering: there are several ways in which network resources can be optimised. As seen 
above, changing OSPF metrics is the simplest one, but MPLS capabilities can also be used for this 
purpose, being MPLS as it is a forwarding technology. In general, not always the shortest path 
will be the chosen one (as in IP) and traffic will be shared across the network. 

In this case, an scenario can be configured using MPLS LSPs in the backbone area. Two LSPs 
have been created between A-TID-RS3-5 and A-TID-RS3-6 nodes, one per each direction. These 
LSPs have a primary path, which crosses A-TID-RS8-5 node and a secondary direct path, as 
shown in Figure 2.3-3. If a traffic flow satisfies a certain policy it would be forwarded through the 
primary path so the traffic not satisfying the policy would be transported over IP, using the direct 
link. This allows to use the MPLS features for traffic engineering purposes. 

 

Figure 2.3-3:  MPLS scenario for traffic engineering 

 

Another possibility consists of using LSPs in the same way as OSPF routes, being included in 
the routing tables of the nodes, forwarding all traffic that crosses the backbone through the 
desired LSPs. In this scenario, configuring igp-shortcuts allows OSPF to use an LSP as the 
next hop as if it were a logical interface from the ingress router to the egress one. 

In Table 2.3-2we can see part of the routing table of router A-TID-RS3-6 of Figure 2.3-3, 
where IP routes to the loopback addresses of the nodes are shown. Netif “principal” is a next 
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hop through the LSP named “principal”, so the routing treats it like a virtual link to the egress 
router of the path. 

 

 

Table 2.3-2:  Routing table in A-TID-RS3-6 node with igp-shortcuts MPLS 

Destination Gateway Owner Netif 

192.168.99.44 10.4.12.18 OSPF gi31 

192.168.99.49 Unnumbered OSPF principal 

192.168.99.64 10.4.12.26 OSPF gi32 

192.168.99.65 10.4.12.2 OSPF gi41 

192.168.99.71 192.168.99.71 - lo0 

192.168.99.72 Unnumbered - principal 

 

 
As seen, routes to A-TID-RS3-5 (192.168.99.72) and further (192.168.99.49) use LSP ‘principal’, 
which is learned from OSPF as any other interface (line 2 of the table). 

Activities related to traffic engineering are in progress in the TI+D test bed. 

 

· Resiliency: multiple paths are available for packets to reach their destiny, so link failures will 
have little impact in the overall operation of the network. 

OSPF dynamically recalculates routes when it detects that a link has fallen down, and sends 
traffic automatically through those new routes learned. The only lost time is the OSPF re-
convergence time. When the link is recovered, OSPF recalculates again the routes and 
redistributes traffic if it finds a shorter path to a destiny. No traffic is lost in this last mechanism, 
as packets are still sent through the previous route during the recalculation time. 

In the backbone, MPLS capabilities are also used via secondary hot standby paths (as the one seen 
in the previous section) and fast reroute, and some tests have been done to check the differences 
between these fast mechanisms and calculate the OSPF re-convergence time. 

Activities related to resiliency / reliability are in progress in the TI+D test bed. 

 

· QoS: several QoS functions are supported, not only over IP (ToS/DiffServ based) but also over 
MPLS. DiffServ allows network traffic to be classified into a small number of aggregated flows, 
and marked so that network devices along the traffic path provide the appropriate treatment. To 
accommodate packet marking, the Differentiated Services field was defined, and its value known 
as DiffServ Code Point (DSCP), determines how packets are handled as they are forwarded across 
the network. Thus, DiffServ can be used in MANs to prioritise certain types of traffic over others. 

On the other hand, MPLS is not strictly speaking, a QoS technology; yet using RSVP control 
mechanisms, MPLS can setup LSPs that incorporate QoS requirements from the outset: they can 
be created with or without resource reservations. In the MPLS area, specific bandwidth can be 
reserved for certain types of traffic, and constrained routing (with LSP pre-emption) assures that 
reservation over best effort traffic. 

Activities for defining, testing and deploy QoS features in TI+D test bed are in progress. 
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· Layer-2 VPN based on MPLS. This functionality allows the encapsulation and transport of layer-2 
(Ethernet) frames across the network, according to Martini Draft. Three specific functions are 
supported in the test bed: 

o Point-to-point LSPs for Virtual Leased Line (VLL) services: this allows transport of 
Ethernet frames between two end points, so these points are connected at layer-2 in a 
transparent way. 

o Point-to-multipoint LSPs for Transparent LAN Services (TLS): this function allows 
transport of Ethernet and VLAN traffic to multiple sites that belong to the same layer-2 
broadcast domain. Static and dynamic label assignment are allowed for the virtual circuit 
labels. 

o Virtual Private LAN Services (VPLS), which uses TLS function to interconnect the layer-
2 traffic of different customers into the MPLS network, creating LSP tunnels through the 
MPLS area for each client. Thus, with VPLS, the MPLS area appears as a logical layer-2 
switch to each client site, just as if all sites where part of the same LAN even if they were 
at very distant locations. 

Being based on MPLS, this service can be offered over the backbone area, and the 
scenario prepared would need MANs working at layer-2. 

These activities are to be deployed later on. 

 

· Layer-3 VPN based on MPLS. This functionality allows service providers to offer to their 
customers VPN services over an IP backbone, using MPLS to forward VPN traffic and BGP to 
distribute VPN routes. 

 

                                                  Figure 2.3-4:  VPN layer-3  scenario 

 

 

This layer-3 VPN mechanism allows: 

o Service providers to increase scalability and flexibility. 
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o Customers to remove the need to build their own IP backbone and also to get rid of inter-
site connection issues. 

o Customers to use private IPv4 addresses, removing the restriction of using a globally 
unique address range. 

These activities are to be deployed later on. 

 

· Security and access control: As in any other network, security is a must. All access will be 
controlled in the edge using  router ACLs and filtering features. 

The ACLs allow to define traffic profiles in the access points of the network. They are based on 
layer-3 and layer-4 parameters, in order to filter the traffic, dropping the undesired one. 

The activities related to security and access control are to be deployed later on. 

2.4 TILAB test bed 

 
As already reported in D3.1 [1], the TILAB test bed represents the advanced networking 
infrastructure of the Southern Europe MUPBED test bed. The networking test bed, whose structure is 
represented in Figure 2.4-1, is based on an IP/MPLS layer over an optical layer with ASON/GMPLS 
capabilities. The interworking between the two layers will be realised by means of Optical UNI (User 
to Network Interface).  
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Figure 2.4-1: Structure of the TILAB test bed 
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2.4.1 IP/MPLS layer 

The IP/MPLS layer is realised with commercial routers provided by TILAB and, if necessary, could 
be enhanced by integrating  IP equipment from the test bed of the IST Project NOBEL. 
The commercial router used within the project is an Avici SSR equipped with two route controller 
cards and configured to act as two separate logical devices. Besides the slots for the two route 
controllers, the SSR consists of 20 router module slots for up to 400 gigabits per second switching 
capacity. The chassis is equipped with one Packet Over Sonet/SDH (POS) line card provided with 16 
ports at 155 Mbit/s line speed (OC-3/STM-1) and two Gigabit Ethernet (GbE) line card provided with 
2 ports. The routers can use both UNI-C 1.0 r2 (on POS line cards) and UNI 2.0 (on GbE line card) as 
signalling interface, aligned to the releases used for 2004 and 2005 world interoperability demo 
organized by OIF (see 3). 

2.4.2 ASON/GMPLS layer 

Since the preparation of deliverable D3.1, the ASON/GMPLS layer of the TILAB test bed has been 
enhanced in the “optical/digital” domain  with the deployment of three optical cross-connects with 
SDH VC-4 switching capability and a distributed control plane provided by Marconi. The layout of 
the optical/digital domain is shown in Figure 2.4-2. 
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Figure 2.4-2: Layout of the optical/digital domain.  

 
The main features of the domain are: 

· SDH VC-4 switching capability 
· Distributed control plane with signalling provided by UNI-N 1.0 r2 interfaces towards the 

client devices (UNI-N 2.0 for GbE interfaces, aligned to the version prepared for the 2005 
world interoperability demo organized by OIF) and I/E-NNI towards the other nodes of the 
network 

· one STM-1 optical module with 16 ports for each network element 
· one STM-16 module with 4 ports for each network element 

· a total of two GbE modules with 4 ports,  GFP/VCAT/LCAS capabilities and UNI-N 2.0 
support. 
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2.4.3 LAB interconnection 

Two TILAB application laboratories (Grid Node and SAN Lab) have been connected to the TILAB 
networking test bed using an internal fibre infrastructure. The remaining lab (video communication) is 
not yet connected because it is now in another facility and is going to be relocated. It will be 
connected as soon as the relocation operation will be terminated.  

Lab. L_040 (I484)
Content e Storage Networking 

Lab. L_037 (CM2)
GRID Networking

Centro Stella Pal. I 
(I0445)

CAT3750L009-1
(cis17165)

172.16.220.6

CAT3750L009-1
(cis17165)

172.16.220.6

CAT3750L009-2
(cis17164)

172.16.220.7

CAT3750L009-2
(cis17164)

172.16.220.7

CAT 6500
VAJOLET
(cis7842)

CAT 6500
VAJOLET
(cis7842)

CAT2924CSI
(cis8483)

172.16.220.4

CAT2924CSI
(cis8483)

172.16.220.4

OADMOADM

OADMOADM

Lab. L_xxx (XXX)
Videocomunicazione

Centro Stella V. Borgaro

OPTERA
Metro

Cat3524
Borgaro

(cis12490)
172.16.220.8

Cat3524
Borgaro

(cis12490)
172.16.220.8

OPTERA
Metro

Lab. L_009
Reti ottiche

B2022B2023B2024/5

IP/MPLS

ASON/
GMPLS

VLAN 222

VLAN 221

VLAN 134

VLAN 221 VLAN 222

172.16.221.1/24 172.16.222.1/24

TILAB LAN
(cis9431)

(6506-CORE-A)

L40_3550Gb
(cis15358)

163.162.61.4

L40_3550Gb
(cis15358)

163.162.61.4

VLAN 221

VLAN 222

L40_3550
(cis15359)

163.162.61.3

L40_3550
(cis15359)

163.162.61.3

Multi mode fiber or i/f

Single mode fiber or i/f

UTP cable or i/f

Fiber/UTP converter 

i/f slot / portxx/yy

Multi mode fiber or i/f

Single mode fiber or i/f

UTP cable or i/f

Fiber/UTP converter 

i/f slot / portxx/yy

Rip new
3,4

Rip new
1,2

Rip 1,2 
verso CsB

Rip 5,6 
verso CsB

Rip 11,12

Rip 5,6

Rip new
3,4

Rip new
1,2

Rip 1,2 
verso CsB

Rip 5,6 
verso CsB

Rip 11,12

Rip 5,6

CAT3508CSI
(cis8480)

172.16.220.5

CAT3508CSI
(cis8480)

172.16.220.5

G0/12

G0/2

G1/1

G0/1

G0/6 6

0/1

0/2 2/34

2/35

G0/5

G0/4

0/26

0/27 0/27

0/26

0/24

0/25 0/25

3/12

12

G0/1

G0/3

G0/12

G0/2

G1/1

G0/1

G0/6 6

0/1

0/2 2/34

2/35

G0/5

G0/4

0/26

0/27 0/27

0/26

0/24

0/25 0/25

3/12

12

G0/1

G0/3

 

Figure 2.4-3: lab interconnection 

Figure 2.4-3 shows the structure of the interconnection realized over an Ethernet infrastructure based 
on L2 switches with fast or gigabit interfaces. The box labelled L_009 identifies the laboratory where 
all the IP/MPLS layer and GMPLS/ASON layer devices are located while the other boxes represent 
other rooms where the applications labs are located or where are placed company network equipment 
used for the interconnection. Since the optical network will be placed between the server side and the 
client side of every application (located in the corresponding lab), two VLAN (221 and 222) have 
been set up on every L2 switch to segregate the traffic. 

 

2.5 T-Systems / Deutsche Telekom test bed 

2.5.1 Backbone Network Configuration 

The Central European test bed is based on an ASON/GMPLS enabled transport network 
demonstrator, which was part of the OIF World Interoperability Tests and Demonstration at the 
SuperComm 2005 (see Chapter 3) and will be further enhanced during the MUPBED project. 

The test bed network architecture is fully compliant to the ITU-T G.8080 [7] ASON and the 
architecture the OIF is following (Figure 2.5-1), composed of well separated network domains, linked 
together at the control plane and date plane level by User-Network-Interfaces (UNI) with the different 
types of client networks and via External Network-Network-Interfaces (E-NNI) to other transport 
network domains. All control plane interfaces were tested during the 2005 OIF World Interoperability 
Tests and could therefore interoperate globally.  
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Figure 2.5-1 ITU-T ASON architecture (G.8080) and OIF architecture, which the Central 
Europe Test Bed is based on 

 

Corresponding to this network architecture, Figure 2.5-2 gives an overview of the ASON/GMPLS test 
network at T-Systems/Deutsche Telekom, highlighting the Marconi network domain as the core part 
of Deutsche Telekom's local MUPBED test bed. Beside the local interconnections to other transport 
and client network domains (via UNI and E-NNI control plane interfaces) and Ethernet over SDH 
adaptation functions towards Ethernet based metro networks, the external interfaces to the other local 
test beds and application locations within the MUPBED consortium are depicted schematically. 
Furthermore the interconnection to the German national VIOLA project [16] is shown, enabling an 
interconnection of these test beds. 
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Figure 2.5-2 Topology of the MUPBED Central Europe Test Bed 

 

 

The MUPBED central Europe test bed has the following external interface functionalities: 

Control plane functions: 

· UNI-N 1.0 rel2 and UNI-N 2.0  

· OIF E-NNI  with external signalling/routing 

· Support of switched connection (initiated by UNI-C) configurations over multiple network 
domains 

· Support of soft permanent connection (initiated by EMS) configurations over multiple network 
domains 

Data plane functions: 

· Interfaces: STM-1/16 (LR) and GE 

· VC-4 switching granularity 

· Ethernet mapping over SDH compliant to GFP-F/T, VCAT  

EMS connection and port configuration functions:  

· SDH ports: traditional, I-NNI, E-NNI, UNI-N 

· GE: GFP-F, GFP-T mapping configuration over VC-4 VCAT enabled connections 

· Support of soft permanent connection (initiated by EMS) configurations over multiple network 
domains 
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Furthermore broadband video applications (video, TV, HDTV) are available to visualize the network 
functionalities and performance, but also to serve as data traffic source beside SDH and Ethernet 
traffic generators/test equipment. All these applications will be Ethernet based (GE interface). 

 

2.5.2 VLAN-Translation of Layer-2 Interconnections 

Currently a Bosch 4Ch WDM system is used for transport between G-WiN's CiBerlin PoP and the DT 
lab, where traffic is directed towards a Foundry router separating the VLANs from each other (Figure 
2.3-1). The Foundry's "client ports" can, according to further use, be equipped with SM/MM SFPs and 
connected to following pieces of equipment. For the current test purposes only some test tools and 
Video transmission systems are connected, but eventually, as shown in Figure 2.5-4, the Marconi XCs 
will be hooked up to it. 

 

 

Figure 2.5-3: Current status of L2 interconnections 

 

Within the next weeks there will be a major change however, since the Foundry router will be 
replaced by a couple of Atrica A2100 Metro Ethernet Switches, which will then take over the 
VLAN/port translation job. The following picture emphasizes these changes. According to the 
commands given to the Marconi ASTN-Manager software we will then be able to instantly switch 
existing Layer-2 connections to terminate at our lab, or even be forwarded to another lab connected. 
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Figure 2.5-4 LSP ��� �  VLAN ��� �  Port-Mapping configuration for switching in Marcon i domain 
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3 Optical Internetworking Forum: World Interoperabi lity Tests 
and Demonstration at SuperComm 2005 –Participation of 
MUPBED partners 

3.1 Introduction 

As described in great detail in last years MUPBED deliverable 3.1, the MUPBED partners Marconi 
ONDATA (Germany) and Marconi SpA (Italy), TILAB/Telecom Italia and T-Systems/Deutsche 
Telekom took part in the OIF interoperability demonstration from March till June 2005. Although not 
directly part of this project, this event made sure we have a working UNI 2.0 / E-NNI functionality in 
our lab, ready to be used within MUPBED as well. 

Thanks to the close link between the OIF Event and MUPBED two important aspects are ensured: 
first, that the results and experiences from the MUPBED work have an appropriate influence on 
standardisation work, and second, that the MUPBED solutions are compliant to current work in 
standardisation. 

 

3.2 Overall test description 

In contrast to last years interop event, the main focus lied on the UNI 2.0 interface, i.e. UNI 
functionalities for Ethernet. The NNI (v1.0) as well as the Ethernet mapping tests remained 
unchanged to last year's tests. There were no LCAS tests carried out in 2005. 

· CP interfaces: UNI (Client network – transport network domain) and E-NNI (between 
transport network domains), based on OIF specifications [2, 3], which are aligned with the 
corresponding ITU-T standards [4 -6] 

· Most efficient Ethernet over SDH/SONET adaptation, based on ITU-T Recommendations 
related to GFP-F and VCAT [7 - 11] 

The tests have been designed on a global stage with seven carrier labs across three continents, 
interworking through intelligent control plane mechanisms created by a multi-vendor environment of 
fifteen vendor participants (see following tables). 

 

Table 3.2-1: Carrier participants 

Asia  China Telecom, NTT  

Europe  Deutsche Telekom, France Telekom, Telecom Italia 

USA  AT&T, Verizon 

 

 

Table 3.2-2: Vendor participants 

Alcatel Huawei Navtel 

Avici Systems Lamda OS Nortel Networks 

CIENA Corporation Lucent Technologies NTT 
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Cisco Systems Mahi Networks Sycamore Networks 

Fujitsu Marconi ONDATA and 
Marconi SpA 

Tellabs 

 

All seven carrier labs were interconnected by CP connections based on IPSEC tunnels over the public 
Internet (Figure 3.2-1). Additionally, Verizon and AT&T were interconnected by a OC-3.Apart from 
the test carried out between these two locations all other tests were performed on the control plane 
level only. 

 

USA Europe Asia

NTT

Verizon

Deutsche
Telekom

AT&T

Avici
Fujitsu

Sycamore

Ciena
Huawei

Avici
Marconi

Sycamore

Avici
Cisco

Marconi
Huawei

Lambda OS

Alcatel
Ciena
Cisco

Marconi
Lucent

Avici
Ciena
Cisco

Alcatel
Ciena
Cisco

Fujitsu
Lucent
Mahi

Nortel
Sycamore

Tellabs

France
Telecom

Telecom
Italia

China
Telecom

USA Europe Asia

NTTNTT

VerizonVerizon

Deutsche
Telekom

AT&TAT&T

Avici
Fujitsu

Sycamore

Ciena
Huawei

Avici
Marconi

Sycamore

Avici
Cisco

Marconi
Huawei

Lambda OS

Alcatel
Ciena
Cisco

Marconi
Lucent

Avici
Ciena
Cisco

Alcatel
Ciena
Cisco

Fujitsu
Lucent
Mahi

Nortel
Sycamore

Tellabs

France
Telecom

Telecom
Italia

China
Telecom

 

Figure 3.2-1: Topology overview of the worldwide test bed 

 

Since not all vendors support all the necessary functions tested, Table 3.2-3 shows, as an example, the 
network functionalities available and examined at DT’s lab on a  per vendor basis. 
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Table 3.2-3: Network functions tested in DT’s lab  
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For monitoring purposes we used, besides the free network analyzer software Ethereal (v10.10), the 
global topology display software provided to the OIF by Clearpond, USA. Therefore all control plane 
messages from around the world were sent to and analyzed centrally by Clearpond's server, which 
then provided the data necessary for both an internet based connection status overview as well as a 
version hosted by a local computer. Using the latter one resulted in much lower response times of the 
screen image after network changes. This software came in especially handy during internal 
demonstrations and the Supercomm Show at the OIF booth. 

 

3.2.1 Control plane interface tests 

The CP interfaces allow requests of connections from the client side (Switched Connections) or by 
EMS/NMS (Soft Permanent Connections) of a domain over multiple ASON/GMPLS domains by 
using the CP functionality only. As such, multi-domain connections can be set up without 
involvement of the EMS/NMS of the intermediate domains (assuming this action is covered by 
Service Level Agreements). These new functions significantly speedup connection configuration of 
such multi-domain networks. 
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Figure 3.2-2 Reference network for control plane interfaces (UNI, E-NNI) interoperability tests 

In Table 3.2-4 the performed interoperability tests are listed. The tests were carried out first locally in 
each carrier lab, then per continent and finally on a global scale.  

 

Table 3.2-4: Control plane interface tests performed 
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3.2.2 Ethernet over SDH/SONET adaptation interoperability tests 

GFP-F and VCAT tests were less extensive than last year's, including only full and partial Bandwidth 
tests over  a VC-4-1v and a VC-4-7v. reassuring last years results, interoperability was given, and 
only minor fluctuations in performance measurements occurred. 
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Figure 3.2-3: Reference network for Ethernet over SDH/SONET adaptation interoperability 
tests 

 

3.3 Configuration of Test bed Environments at TILAB and DT's labs 

This chapter's purpose is to describe the networks established in the respective labs during the OIF 
interoperability tests. 

Both networks are composed of a core area of network elements (NE) interconnected by E-NNI 
interfaces, enabling control plane based connection configuration crossing multiple network domains. 
User network domains are attached to these core NEs via UNI-2.0 interfaces, supporting the 
configuration of switched connections over multiple domains. Furthermore NE with Ethernet over 
SDH adaptation functions are also connected to the core NE, which provides the needed any-to-any 
interconnectivity for the interoperability tests. 

UNI and E-NNI signalling was transmitted out-of-band, based on a separate Fast Ethernet network. E-
NNI communication between distant nodes, for inter-lab multi-domain connections, was exchanged 
via IPSec tunnels using the public Internet. In this way multi-domain interoperability could be tested 
per continent and on a global scale. 
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Figure 3.3-1: Test network configuration at TILAB / Torino 
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Figure 3.3-2: Test network configuration at Deutsche Telekom / Berlin 
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4 Conclusion 

This deliverable “Report on enhanced design and architecture of the local test beds” describes the 
current state of the network infrastructure, equipment employed and services offered at the local test 
beds. Given their vastly diverse nature the descriptions differ significantly in their scope. 

This document also contains a short summary description of already planned extensions of the test 
beds required to achieve the MUPBED project targets. Together with Milestone 21/22 describing the 
state of interconnection between these test beds, this deliverable will be the starting point for 
identifying meaningful implementation of services and applications to be used within the manifold 
MUPBED network. 

 

 


