BS
7

FAR

4, s

=
8
3 ﬁl‘lki

UNIVERSITY OF
CAMBRIDGE

NetFPGA SUME: Toward 100 Gbps as
Research Commodity

This is a pre-print version of the paper. The official version of this paper is
available on IEEEXplore at:
http://ieeexplore.ieee.org/xpls/abs all.jsp?arnumber=6866035

When citing this paper, please use the following:

Noa Zilberman, Yury Audzevich, G. Adam Covington and Andrew W. Moore,
"NetFPGA SUME: Toward 100 Gbps as Research Commodity," IEEE Micro,
vol.34, no.5, pp.32-41, Sept.-Oct. 2014, doi: 10.1109/MM.2014.61

b“‘;‘ FPER Wy CAL
.‘g. enet!



http://ieeexplore.ieee.org/xpls/abs_all.jsp?arnumber=6866035










(a) NetFPGA SUME Board

Fig. 1. NetFPGA SUME Board and Block Diagram

board is a Xilinx Virtex-7 690T FPGA device. There are five
peripheral subsystems that complement the FPGA. A high-
speed serial interfaces subsystem composed of 30 serial links
running at up to 13.1Gb/s. These connect four 10Gb/s SFP+
Ethernet interfaces, two expansion connectors and a PCle edge
connector directly to the FPGA. The second subsystem, the
latest generation 3.0 of PCle is used to interface between the
card and the host device, allowing both register access and
packet transfer between the platform and the motherboard.
The memory subsystem combines both SRAM and DRAM
devices. SRAM memory is devised from three 36-bit QDRI+
devices, running at 5S00MHz. In contrast, DRAM memory is
composed of two 64-bit DDR3 memory modules running at
933MHz (1866MT/s). Storage subsystems of the design permit
both a MicroSD card and external disks through two SATA
interfaces. Finally, the FPGA configuration subsystem is con-
cerned with use of the FLASH devices. Additional NetFPGA
SUME features support debug, extension and synchronization
of the board, as detailed later. A block diagram of the board is
provided in Figure 1(b). The board is implemented as a dual-
slot, full-size PCle adapter, that can operate as a standalone
unit outside of a PCle host.

A. High-Speed Interfaces Subsystem

The High-Speed Interfaces subsystem is the main enabler
of 100Gb/s designs over the NetFPGA SUME board. This
subsystem includes 30 serial links connected to Virtex-7 GTH
transceivers, which can operate at up to 13.1Gb/s. The serial
links are divided into four main groups; while the first group
connects four serial links to four SFP+ Ethernet Interfaces, the
second one, associates ten serial links to an FMC connector.
Additional eight links are connected to a SAMTEC QTH-DP
connector and are intended for passing traffic between multiple
boards. The last eight links connect to the PCle subsystem
(Section IV-C).

The decision to use an FPGA version that supports only
GTH transceivers rather than the one with GTZ transceivers,
reaching 28.05Gb/s, arises as a trade-off between transceiver

(b) NetFPGA SUME Block Diagram

speed and availability of memory interfaces. An FPGA with
GTZ transceivers allows multiple 100Gb/s ports, but lacks the
I/0O required by memory interfaces, making a packet buffering
design of 40Gb/s and above infeasible.

There are also four motives that support our decision to
use SFP+ Ethernet ports over CFP. Firstly, as the board is
intended to be a commodity board, it is very unlikely that
the main users like researchers and academia will be able
to afford multiple CFP ports. Secondly, 10Gb/s equipment is
far more common than 100Gb/s equipment; this provides a
simpler debug environment and allows inter-operability with
other commodity equipment (e.g. deployed routers, traffic gen-
eration NICs). In addition, SFP+ modules also support 1Gb/s
operation. The third, CFP modules protrude the board at over
twice the depth of SFP+; CFP use would have required either
removing other subsystems from the board or not complying
with PCle adapter cards form factor. Lastly, being an open
source platform, NetFPGA is using only open source FPGA
cores or the cores available through the Xilinx XUP program.
As a CAUI-10 core is currently unavailable, it can not be made
the default network interface of the board.

A typical 100Gb/s application can achieve the required
bandwidth by assembling an FMC daughter board. For exam-
ple, the four SFP+ on board together with Faster Technology’s®
octal SFP+ board create a 120G system. Alternatively, native
100Gb/s port can be used by assembling a CFP FMC daughter
board.

B. Memory Subsystem

DRAM memory subsystem contains two SoDIMM mod-
ules, supporting up to 16GB* of memory running at 1866MT/s.
Two 4GB DDR3-SDRAM modules are supplied with the card
and are officially supported by Xilinx MIG cores. Users can
choose to supplement or replace these with any other SoODIMM

3http://www.fastertechnology.com/
48GB is the maximum density per module defined by JEDEC standard no.
21C-4.20.18-R23B



form-factor modules; although new support cores may also be
required.

While DDR4 is the next generation for DRAM devices, it
is neither commodity nor supported by the Virtex-7 device; at
the time of writing, it was not even available in an appropriate
form-factor.

The SRAM subsystem consists of three on-board QDR-II+
components, 72Mb each (total density of 288Mb). The SRAM
components are 36-bit wide and operate at SO0OMHz with a
burst-length of 4.

We acknowledge that the performance figures may not
be enough to support 100Gb/s line rate when buffering all
incoming data: 100Gb/s packet buffering requires both reading
and writing to the memory, thus doubling the bandwidth
requirement from the memories. Additionally, none-aligned
packet sizes lead to additional bandwidth loss.

C. PCle Subsystem

Providing adequate PCle interface resource using the inte-
grated hardcore provided on the Virtex-7 FPGA is one of the
greater challenges for a 100Gb/s design; a 3rd generation 8-
lane channel, the available Xilinx PCle hardblock, supports
8GT/s with a maximum bandwidth approaching 64Gb/s. Pre-
cise performance is dramatically affected by configuration
such as the maximum transmission unit (MTU).

With such a rate mismatch, several solutions may assist in
the design of 100Gb/s HBA. For example, one approach would
be to use dual-channel PCle interfaces (via an extension) to
provide a pair of PCle 8-lane Gen.3 channels. Another ap-
proach would involve upstreaming through a cascaded second
board. Given that the NetFPGA SUME will be an offloading
unit for most HBA applications, we believe such approaches
to be adequate.

As a further flexible offering, the eight transceivers used
for PCle support may also be allocated directly as a custom
interface based upon the eight underlying 13.1GHz GTH
transceivers.

D. Storage Subsystem

The NetFPGA SUME provides storage through either
Micro-SD card interface or two SATA interfaces. The Micro-
SD provides a non-volatile memory that can serve to supply
a file-system, provide a logging location, store operational
databases and so on. This makes the NetFPGA SUME an ideal
target for prototyping of computer-architectures and structures
together with support of applications that combine computing
and networking.

E. Configuration and Debug Subsystem

Additional storage space is provided on board by two NOR
FLASH devices. These are connected as a single x32 to
the FPGA via an intermediate CPLD. Each of the FLASH
devices has x16 parallel interface and a density of 512Mb.
The FLASH memory is intended to primarily store the FPGA’s
programming file, but remaining space may be used for other
purposes. We envisage an initial bootup image stored within
the FLASH devices and loaded upon power-up.

The FPGA can be also configured using one of the JTAG
interfaces: either a parallel or a USB-coupled one. Once pro-
grammed through JTAG, the board may be also reprogrammed
via the PCle interface.

The board contains a number of debug and control capabil-
ities, including a UART interface, 12C interface, LEDs, push
buttons and reset, and a PMOD connector.’

FE. Additional Features

The capabilities of the NetFPGA SUME can be further ex-
tended through on-board VITA-57 compliant FMC connector.
The capabilities of 3rd-party FMC cards vary greatly; aside
from high-speed I/O breakout interfaces, cards may support
exotic serial interfaces, AD/DA conversions, and image pro-
cessing. Consequently, the features of the platform can be
extended too. I/O breakout FMC cards are widely available,
supporting multiple 10Gb/s and 40Gb/s ports . 100Gb/s is
currently supported using 8x12.5Gb/s channels.

A considerable design effort has been put into the clocking
circuits of the platform. Those allow maximal flexibility in
setting of the interface’s frequency and reduces dependency
that often exists among various designs. As the NetFPGA
SUME platform is designed with scalability in mind, a clock
synchronization mechanism is provided, allowing, for exam-
ple, a direct support of Synchronous Ethernet. Some of the
clocks can also be programmatically configured.

V. USE CASES

NetFPGA SUME is intended to support a wide range of
applications. In network devices alone, the NetFPGA has
previously been used as IP Router, switch (both Ethernet and
OpenFlow), and NIC. It is also intended to support 10Gb/s
and 40Gb/s designs, such as SENIC [13], previously bound
by platform resources. The use-cases we describe here extend
to the more adventurous, permitting the exploration of new
and exotic physical interfaces, providing the building blocks
for basic high bandwidth switch research, supporting novel
interconnect architectures, and as a formidable stand-alone
platform able to explore entirely new host architectures beyond
current PCle-centric restrictions.

Stand-alone device: The NetFPGA SUME can operate as
a powerful stand-alone computing unit by using a soft-core
processor, e.g., [4]. Consider the peripheral devices on board:
alocal RAM of between 8GB and 16GB running at 1866MT/s,
two hard drives connected through SATA (with an appropriate
IP core), considerable on-chip memory that can serve for on-
chip cache, and numerous communication interfaces. While
only offering a practical target frequency of a few hundred
MHz, this platform can explore structural choices (cache
size and location), novel network-centric extensions and still
provide a valuable offload resource.

Alongside being able to meet the growing need for stand
alone bump-in-the-wire networking units capable of I/O at
line-rates independently of any host, NetFPGA SUME is

5 A Digilent proprietary interface supporting daughterboards.
http : /Jwww.zilinxz.com/products/boards_kits/ fmc.htm
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(a) 300Gb/s Ethernet Switch Using NetFPGA SUME

Fig. 2. Examples of NetFPGA SUME Use Cases

also suited for implementing networking management and
measurement tools, such as [1], that utilize large RAMs to
implement tables for counters, lookup strings and so-on.

PCle Host Interface: The NetFPGA SUME supports host-
interface development. With the 100Gb/s physical standards
still ongoing development, a host-interface capable of 100Gb/s
provides the ideal prototyping vehicle for current and future
interfaces. Using the uncommitted transceivers in either of
the QTH and FMC expansions, permits creating two 8-lane
PCle interfaces to the host: one through the native PCle
interface and one through an expansion interface. The aggre-
gated 128Gb/s capacity to the host (demonstrated successfully
by [3]) enables exploring new and as-yet undefined physical
termination standards for 100Gb/s networking.

100Gb/s Switch: In the past, the NetFPGA provided a
fundamental contribution to the success of OpenFlow [14] as
the initial reference platform. Switching and routing applica-
tions for 100Gb/s is a clear NetFPGA SUME application. A
researcher is well placed to explore a variety of architectures
in an FPGA prototyping environment. In order to construct
a true non-blocking switch solution from NetFPGA SUME
cards would require packet-processing at a rate of 150Mp/s
for each 100Gb/s port and thus call for either a high core
frequency, wide data path or combination of the two. As a
result the number of physical ports available on the device is
not the rate bounding element.

Using NetFPGA SUME as a true 300Gb/s fully non-
blocking un-managed Ethernet switch is shown in Figure 2(a).
This architecture uses a high number of high-speed serial links

=

(b) Implementing CamCube Using NetFPGA SUME

to deliver the required bandwidth: 100Gb/s connecting every
pair of boards and providing an additional 100Gb/s port on
each board. An implementation over NetFPGA SUME would
use the FMC expansion interface to provide an appropriate
interface: either one 100Gb/s CFP port or ten 10Gb/s SFP+
ports. The pair of 100Gb/s constituting the fabric connecting
between cards can be achieved by using the transceiver re-
sources of the PCle connector and the QTH connector; each
transceiver operating at 12.5Gb/s to achieve the per-port target
bandwidth. The remaining four SFP+ ports might be used to
achieve further speedup, improve signal integrity by reducing
the required interface frequency, or be used to interface with
the FPGA for management functions. Such a set-up might also
be managed through low speed UART or 12C. This 300Gb/s
switch would cost less than $5000 yet provide an extraordinary
device for datacenter interconnect researchers.

A true non-blocking 300Gb/s switch requires each board
to process 200Gb/s of data: 100Gb/s of inbound traffic, and
100Gb/s of outbound traffic, likely on separate datapaths. At
100Gb/s the maximal packet rate is 150Mp/s for 64B packets,
however the worst case is presented by non-aligned packet
sizes, e.g., 65B. Several design trade-offs exist: frequency vs.
utilization vs. latency, and more. One design option may use
a single data path, with 32B bus width combined with a clock
rate of 450MHz. This will use less resource and will keep
the latency low, yet it will pose a timing-closure challenge.
An alternative design choice is to use a single data path, but
as a proprietary data bus that is 96B wide and a clock rate
that is only slightly more than 150MHz. This option has the



disadvantage of considerable FPGA resource utilization, but
meeting timing closure would be easier. Alternatively, use mul-
tiple data paths, each 32B wide, and keep the clock frequency
around 150MHz. This has a high resources utilization, and also
requires additional logic for arbitration between the data paths
at the output port. Using a NetFPGA SUME reference design,
one can select among the options and be able to compare the
performance of these three alternatives.

Physical-Layer and Media Access Control: The NetFPGA
SUME permits on-FPGA reconfiguration and replacement
of physical-layer and media-access controls. The expansion
interfaces: FMC and QTH, each provide high-speed, stan-
dardised interfaces for researchers own daughterboard designs.
Such daughter board extensions have been used to good
effect for exotic interface design and are common-practice
in the photonics community; permitting active and passive
optical-component designs closer integration with a standard
electronic interface.

Furthermore, with an ever present interest in power con-
sumption of datacenter systems, we have treated the ability to
conduct meaningful power and current analysis of a built sys-
tem of high importance. NetFPGA SUME supports a purpose-
specific set of power instrumentation allowing designers to
study reducing of power consumption of high-speed interfaces
and proving it through field measurements rather than post-
synthesis analysis alone.

Interconnect: As the last example, we explore not only
traditional but novel architectures with line-rate performance.
Architectures that are extremely complex or require a large
amount of networking equipment tend to be implemented
with minimal specialist hardware. By prototyping a complete
architecture, researchers can side-step limitations enforced by
software-centred implementations or simulation-only studies.

In Figure 2(b) we re-create the CamCube architecture [15].
Originally six 1Gb/s links with software (host) routing; by
using NetFPGA SUME could get an order of magnitude im-
proved throughput. Figure 2(b) illustrates how N NetFPGA
SUME boards are connected as a N x N x N hyper-cube:
each node connects with six other nodes. NetFPGA SUME
permits connecting a 40Gb/s channel to each adjacent pair of
boards resulting in 240Gb/s of traffic being handled by each
node.

VI. RELATED WORK

Our approach has been to provide flexibility using an
FPGA-based platform. Several such FPGA-based network-
centric platforms are documented in Table I.

While the price of commercial platforms is high, ranging
from $5000 to $8000, the price of a board through university
affiliation programs is typically less than $2000. As the table
shows, NetFPGA SUME has the most high end features.
While the VC709 uses the same FPGA as the NetFPGA
SUME board and same DRAM interfaces, it is a non-standard
size, lacks SRAM interfaces, and has limited storage capacity.
The DES5-Net board has similar DRAM access capabilities as
NetFPGA SUME however, the feature set is inflexible with
no additional expansion options. The NetFPGA SUME board

has considerably more high-speed serial interfaces than any
reference board, making it the ideal fit for high bandwidth
designs.

VII. CONCLUSIONS

We present NetFPGA SUME, an FPGA-based PCle board
supporting an I/O capacity in excess of 100Gb/s provided by
30x13.1GHz transceivers, as well as SRAM and extensible
DRAM memory, and a range of other useful interfaces. This
is all achieved on a PCle format board that provides a suitable
HBA interface. The hardware is complemented by work done
within the NetFPGA project framework providing reference
software to enable researcher adoption.

NetFPGA SUME provides an important technology by
serving as a platform for novel datacenter interconnect ar-
chitectures, a building block for basic 100Gb/s end-host and
switch research, and as a platform to explore entirely new
host architectures beyond current PCle restrictions. As a stand-
alone processing unit it will enable prototype deployments oth-
erwise too complex or too resource-intensive. As a hardware
prototyping architecture, researchers are able to side-step the
limitations enforced by software-centred implementations and
evaluate their designs at the limits of implementation.

We have provided a brief survey of the challenges and
opportunities available to researchers using hardware imple-
mentation of next generation network designs. The NetFPGA
community is now set to adopt the NetFPGA SUME platform,
available H2/2014, and everyone is welcome on this journey.
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