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Abstract
In this paper we present the results of disk to network streaming at 42 Gbit/s over two parallel 40GE
Ethernet links. In order to achieve this result, extensive testing and tuning was done in the areas of
operating system, file systems and solid state disks and 10GE and 40GE NIC tuning.
The goal of this project was to investigate how much traffic could be generated with a single off the
shelf server. At the beginning of the project in January 2010 we are aiming for 10 to 20 Gbit/s.
However, in November 2010 we were already streaming 42 Gbit/s from disk to network from a single
server. We have noticed that many people are unaware that these speeds can be reached with current
day off the shelf server technology.
Our project started with some initial tests and modern server architecture analysis in order to define the
specifications for the server that was going to be used in the rest of the project. Figure 1 shows the
architecture that was chosen. It consists of two Intel Xeon X5677 processors [1] running at 3.73 GHz
and two Intel 5520 chipsets [2]. The DDR3 memory modules, the disk controllers and the network
interface cards were evenly distributed over the two chipsets in order to achieve a properly balanced
system. The complete specifications are given in table 1. The total cost of this server was Eur 22,000 in
June 2010 (the 32 solid state disks contributed to over 50% of the cost).
The streaming server was used to investigate disk and network I/O. Solid state disks in a JBOD (Just a
Bunch of Disks) setup were used. The server has 32 Intel X25-M solid state disks [3] each having a
storage capacity of 160 MB. We focused on read I/O and used various file systems (ZFS, XFS and
BTRFS). The best disk read I/O speedup as function of the number of disks was achieved with ZFS.
ZFS scaled almost linearly up to 16 disks (see figure 2). BTRFS performed much worse than expected
and did not perform better than XFS. Because ZFS is not available on Linux (we tested on FreeBSD)
and for other reasons we needed Linux, we ended up with the XFS file system. XFS scales reasonably
up to eight disks and therefore we configured four file systems, each consisting of a stripe of 8 disks.
At the 10th Annual Global LambdaGrid Workshop at CERN, Geneva, Switzerland from 13-14 October
2010 SARA showed remote scientific visualization streaming. This was done over a 40G link between
Amsterdam and Geneva, which has a length of 1650 km. Our streaming server in Amsterdam was
connected to a 40G channel over SURFnet’s cross border fiber between Amsterdam and Geneva. At
CERN SARA’s 5x3 tiled panel was installed. We reached 38 Gbit/s from disk to network with this
setup.
During SC10 in New Orleans from 15-18 November 2010 SARA showed a streaming demo over two
40 Gigabit Ethernet links (see figure 3). All equipment was installed at the Dutch Research Consortium
booth. The streaming server was connected with six 10GE links to an Extreme Networks Summit x650
Ethernet switch [4]. This switch was connected to a second Summit x650 switch with two 40GE
Ethernet interfaces. The tiled panel nodes were each connected with a 10GE Ethernet interface to the
second Summit x650 switch. The content consisted of a visualization of a cosmological simulation.
The data images were streamed from the solid state disks of the server as a movies to SARA’s tiled
panel [5]. This tiled panel consists of 15 LCD screens, each with a resolution of 2560x1600 pixels. The
data was streamed to these screens as 15 individual UDP flows. We reached a sustained total disk to
network throughput of about 42 Gbit/s with this setup. When we streamed from memory cache instead

of disk we reached a total throughput of about 54 Gbit/s (see figure 4). This is an indication that the
overall performance is limited by disk I/O. We also observed that the disks were 96% busy during the
42 Gbit/s streaming.
We also looked at the power consumption of various elements that were used during the SC10
demonstration. We used Avocent PM3000 Power Distribution Units (PDUs) [6] for these
measurements. These PDUs can measure the actual power consumption per outlet. The data can be
retrieved from the PDUs via SNMP. It turned out that the power consumption of the Ethernet switches
was not dependent on the traffic sent through the switches. However, for the streaming server, the tiled
panel nodes and the tiled panel LCD screens there was a clear distinction between sending traffic and
idle state. In figure 5 the power consumption of a couple of tiled panel nodes is shows. The
corresponding network traffic at that time is also shown. Between 10:00 and 18:00 hours we were
streaming UDP flows that needed processing on the tiled panel nodes. There is a clear relation between
power consumption and traffic. At 20:00 we started some iperf streams that were just dropped on the
tiled panel nodes and therefore did not result in an increase in power consumption.
There is more information about the demos and the results on our website: http://nrg.sara.nl/
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Figure 1 Streaming server architecture.
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Supermicro X8DAH+-F motherboard
Supermicro SC847A-R1400LPB chassis
Intel Xeon X5677 3.73G 12M 130W
Kingston 4 GB DDR3 1333 MHz ECC REG
Intel X25-M 160 GB G2 SSD
3Ware 9750-8i RAID controller
Myricom 10G-PCIE2-8B2L-2S+E 2-ports
Seagate 500GB SATA II NS

Table 1 Streaming server specifications.

Figure 2 Disk I/O scalability.

Figure 3 SC10 demo topology.

Figure 4 Disk to network throughput during SC10.

Figure 5 Power consumption related to network traffic.

