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	Abstract: 

This document describes a proposed collaboration between members of the FABRIC Joint Research Activity of the EU EXPReS
 project and DANTE to demonstrate and characterise multi-gigabit data flows over GÉANT2 lightpaths using UDP and TCP transport protocols. Of particular interest is the stability of the UDP flows and the behaviour of bursts in the TCP traffic when carried over a lightpath provisioned with a fixed bandwidth capacity.
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1. 
INTRODUCTION

1.1. Executive Summary

We describe a proposed collaboration between members of the FABRIC Joint Research Activity of the EU EXPReS project and DANTE to demonstrate and characterise multi-gigabit data flows over GÉANT2 lightpaths using UDP and TCP transport protocols. Of particular interest is the stability of the UDP flows and the behaviour of bursts in the TCP traffic when carried over a lightpath provisioned with a fixed bandwidth capacity.

The e-VLBI (Very Long Baseline Interferometry) community is routinely transferring real-time data at 256Mbit/s and many European telescopes can now sustain 512 Mbit/s transfers. A new generation correlator will be present at Jodrell Bank Observatory in 2008 to process wide-band data from the UK e-Merlin telescopes. Part of the EXPReS project is to link observations using the Onsala telescope in Sweden to this facility using lightpaths provisioned at 4 Gbit/s. The ability in the near future to send data at 4Gbit/s from several European telescopes will improve the imaging ability of the whole array, allowing high angular resolution observations and also give unprecedented sensitivity for VLBI observations. This will enable new science to be undertaken.
Over the last few years there have been regular meetings and technical discussions on network matters between e-VLBI researchers and DANTE and the relevant NRENs, promoting effective collaboration. Technical discussions have already taken place between DANTE and the EXPReS researchers concerning some of the details that might arise when using multi-gigabit data flows over GÉANT2 lightpaths. It is expected that the initial tests would require about 2 months on the GÉANT2 development network (“testbed”), but testing would not be continuous and other projects can be accommodated.
Although time is short, both DANTE and EXPReS feel it would be very beneficial to report on the installation and initial results of the collaboration at the TERENA workshop in mid May. TERENA have accepted to have a presentation on this, allowing outreach to the NREN community.

This work will examine the performance of the lightpath infrastructure. We propose experimental activities in the following areas:

· Understand the behaviour of multi-gigabit UDP flows over GÉANT2 lightpaths.

· Demonstrate high performance UDP/IP data flows similar to those to be used in moving data in the real-time environment e-VLBI. Throughput, latency, packet loss and stability are all important in this application.

· Analysis of TCP performance at multi-gigabit speeds.

· Analysis of TCP performance when there are transient bursts that exceed the provisioned bandwidth of the lightpath. 

· Better understanding of how the GÉANT2 high speed infrastructures reacts to load fluctuations – e.g. how does latency and jitter change with the load on the network?
· How does the network respond to bursty TCP flows, in particular gain understanding of queue behaviour in the lightpath equipment.
We propose the use of end-user equipment (high-end rack-mount PC workstations fitted with 10GE interfaces) located at the GEANT2 PoP in London connected to the GÉANT2 testbed. Different round-trip times will be possible by inter-connecting lightpaths in different configurations at the various DANTE PoPs.
Interpretation of the data would be done jointly by the EXPReS researchers and DANTE, as would the production and review of papers and reports.
1.2. Time Scales

Some technical discussions have already taken place with DANTE and it is estimated that the tests would require about 2 months. However, as detailed in Section 3, testing would not be continuous and would be done in full collaboration with DANTE and GN2-JRA4 WI-01
. It is anticipated that usage of the testbed could be interleaved with other needs such as planned demonstrations. It is also important that the data is analysed and understood as the tests proceed, thus allowing time for clarification or repetition. 

Although time is short, both DANTE and EXPReS feel it would be very beneficial to report on the installation and initial results of the collaboration at the TERENA workshop in mid May. TERENA have accepted to have a presentation on this, allowing outreach to the NREN community.
1.3. The ROles of Dante and EXPReS
Members of the FABRIC Joint Research Activity of the EXPReS project would be the primary researchers in this collaboration, however input and participation by members of DANTE in all aspects would be most welcome. We propose the following general roles:

· Installation and commissioning of the equipment at the GEANT2 PoP in London would be done jointly by EXPReS researchers and DANTE staff.
· The DANTE engineers would be asked to participate in the measurements occasionally as required. This might include:

· Agreeing the timing of various tests.

· Checking the configuration of the lightpath equipment e.g. bandwidth allocations.

· Providing detailed statistics from their lightpath equipment and routers to solve a specific problem e.g. the location of packet loss in end-to-end network tests.

· The tests and initial analysis of the data would be performed by the EXPReS researchers.
· Interpretation of the data would be done jointly, as would the production and review of papers and reports.

1.4. Application area

We believe that this collaboration involving demonstrating and measuring the performance of multi-gigabit flows over the lightpath development network will provide useful experience and benefits to DANTE in the operation of the GÉANT2 production network services. It would also be directly applicable to the networks operated by the NRENs and current Grid projects.

2. Introduction to the collaboration
This document details a test plan for a collaboration between members of the FABRIC Joint Research Activity of the EU EXPReS project and DANTE to demonstrate and characterise multi-gigabit data flows over GÉANT2 lightpaths using UDP and TCP transport protocols. Of particular interest is the stability of the UDP flows and the behaviour of bursts in the TCP traffic when carried over a lightpath provisioned with a fixed bandwidth capacity. The work would be carried out using the GÉANT2 testbed.

Over the last few years there have been regular meetings and technical discussions on network matters between e-VLBI researchers and DANTE, promoting effective collaboration. Technical discussions have already taken place between DANTE and the EXPReS researchers concerning some of the details that might arise when using multi-gigabit data flows over GÉANT2 lightpaths.
The majority of lightpaths currently in use interconnect sites with specific application areas, e.g. Particle Physics, with the sites effectively aggregating the individual flows. The traffic patterns over these lightpaths correspond to conventional network transfers for Grid applications where large amounts of data are streamed at gigabit speeds. In these situations some understanding of how the next-generation SDH switching layer and underlying optical transport might affect the TCP flows when there are transient bursts that exceed the provisioned bandwidth would be very important. 
Other applications, such as e-VLBI, will use lightpaths directly connected to the end systems e.g. from the digitiser/formatter at the Telescope to the input unit to the correlator. This real-time traffic demands high bandwidth, low and consistent latency, negligible packet loss, and stability. The e-VLBI application will use UDP/IP as the transport layer as timely delivery is most important.
The terminology used in this proposal follows that defined by the Global Grid Forum Network Measurements Working Group.
The EXPReS researchers would like to make the following investigations on the lightpath infrastructure:

· Understand the behaviour of multi-gigabit UDP flows over GÉANT2 lightpaths.

· Demonstrate high performance UDP/IP data flows similar to those to be used in moving data in the real-time environment e-VLBI. Throughput, latency, packet loss and stability are all important in this application.

· Analysis of TCP performance at multi-gigabit speeds.

· Analysis of TCP performance when there are transient bursts that exceed the provisioned bandwidth of the lightpath. 
· Better understanding of how the GÉANT2 high speed infrastructures reacts to load fluctuations – e.g. how does latency and jitter change with the load on the network?
· How does the network respond to bursty TCP flows, in particular gain understanding of the queuing behaviour in the lightpath equipment.
We believe that this collaborative work would benefit DANTE and the NREN community in the following areas:

· Better understanding of how high speed end-to-end network infrastructures react to load.

· Help with the definition of services on lightpaths for TCP based applications.

· Tuning of the network infrastructure for better handling of best effort bursty traffic.

· Understanding of queue behaviour in over provisioned networks.

3. Discussion of the tests

In this section we present details of the procedures required for each of the tests discussed in the previous sections. Estimations of the time and network load required are also given. It is clear that the work will be done in collaboration with DANTE engineering staff and at times suitable to the operation of the GEANT2 testbed network.

3.1. Characterise the network with connectionless memory-memory flows

These tests will use high performance PCs with server quality motherboards and 10 Gigabit Ethernet interfaces to determine the performance of the lightpath using UDP traffic. (We have already demonstrated that back-to-back PCs in the lab can sustain memory-memory transfers of 9.4 Gbit/s.) 
The following sections describe the Network Characteristics that will be studied. 
3.1.1. Latency and Packet Jitter

We will measure the round trip times as a function of the message size sent using a simple request-response application protocol. Measurements will be made with UDP/IP using the UDPmon network tool. Typically 100000 singleton measurements will be made for about 1000 message sizes. The tests should take about 1 hour and we expect the impact on the network to be light.
Round-trip Latency vs packet size (packet size from 1000 to 9000 bytes) & Latency histograms (packet sizes 1000, 1472, 2000, 3000, 4000, 5000, 6000, 7000, 8000, 8972 bytes).
3.1.2. Throughput 
Tests will also be made using streams of UDP and IP packets with carefully controlled packet spacing to determine as a function of the packet spacing:

· the end-to-end Capacity

· the Achievable UDP Throughput

· Packet loss 
· Packet re-ordering.
This information will assist in the understanding of the TCP stack performance.

Capacity, Achievable throughput and loss vs packet spacing (0-40 µs in steps of 1 µs for a set of packet sizes 1000, 1472, 2000, 3000, 4000, 5000, 6000, 7000, 8000, 8972 bytes).
3.1.3. Packet loss frequency and loss pattern 

In case of non-null packet loss, the analysis of the packet loss pattern is important to check if packets are lost randomly and individually or rather in groups of continuous packets. The former case is usually an indication of temporary congestion, while the latter is a symptom of bandwidth restrictions or low tolerance of network devices to burstiness produced by individual streams. 

Packet loss frequencies and patterns will be measured using controlled streams of UDP packets. This complementary information will assist in the analysis of the TCP behaviour.

If required, checks will be made to determine where the losses occur using:
· statistics from the Alcatel switches 

· data from the end host stacks.
3.1.4. 1-way delay estimates

Relative 1-way delays will be measured using UDPmon to transmit carefully spaced UDP packets. 
3.2. end-to-end network TCP Throughput 

The server quality PCs will be used to measure the memory-to-memory TCP Achievable Throughput using Iperf and other memory-memory TCP test programs to determine: 

· Behaviour of TCP flows over Euro-scale distances (RTTs) on lightpaths with different levels of provisioned bandwidth. 
· What TCP Achievable Throughput can be achieved with good connectivity.

· Where the losses are most likely to occur.

web100 in the 2.6.20-web100_pktd-plus kernel will be used to record the behaviour of the TCP protocol and tcpdump will also be run in the end-hosts to investigate packet dynamics.
Sensible choices of parameters such as Txquelen and interrupt coalescence will be determined from recent ESLEA tests and Laboratory work.

We will measure:

· Time series throughput of the TCP stream(s)
· Behaviour of the TCP parameters as a function of time

· Throughput vs TCP buffer size

· CPU loads on transmitter and receiver
· The behaviour of the currently available TCP stacks at multi-gigabit speeds using different values of RTT :

4. Requirements

The following list summarizes the list of requirements in order to achieve the goals stated above. 

1. FABRIC will supply two Supermicro SuperChassis 836TQ-R800V 3U Rack Servers with Myricom 10G-PCIE-8A-R 10 Gigabit Ethernet NIC for installation in the GEANT2 London PoP.
2. FABRIC will use the linux 2.6.20-web100_pktd-plus kernel. This supports the Web 100 patch, which provides monitoring of the TCP stack performance, and allows the end system to selectively drop packets.
3. The 10GE NIC uses XFPs with SR optics (850nm wavelength, 26-300m on multimode fiber) and LC connectors. Four suitable patch leads (50/125(m MMF, LC-E2000) will be required to connect to the GEANT2 infrastructure (these will be provided by DANTE).
4. The test PCs in the PoP have Ethernet management ports and IPMI cards both with copper Ethernet connectors. These will require four IP addresses and connectivity to the WAN allowing access from Manchester and DANTE.
5. Software needs to be installed on the test PCs to produce and monitor the test traffic. The list of packages of interest includes: ping, iperf, UDPmon, tcpdump, tcptrace, tcpdelay. 
6. We will require access, via the DANTE engineers, to lightpath equipment monitoring data and plots to determine the conditions prevalent during a test.

5. Conclusions

We have proposed a set of experimental activities to demonstrate and investigate the network performance of multi-gigabit data flows over GÉANT2 lightpaths using UDP and TCP transport protocols. The work will be carried out in a collaboration between members of the FABRIC Joint Research Activity of the EU EXPReS project and DANTE, and the results will be of immediate value to the e-VLBI community and application areas with requirements for high performance data transport.
For DANTE and the NRENs, the experiments will provide information about the performance and robustness of the GÉANT2 infrastructure under high UDP and TCP loads and, in addition to this, may help with the introduction of advanced TCP-oriented queue management techniques and lightpath services. 


























































































































































� EXPReS is an Integrated Infrastructure Initiative (I3), funded under the European Commission’s Sixth Framework Programme (FP6), contract number 026642 EXPReS


� JRA4 WI-01 is the work item in the GEANT2 (GN2) project under which the testbed has been designed and constructed and will be operated.
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