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Abstract

The latest developments of home gateways, DSL boxes, and wire-
less routers have brought a fair amount of network hardware to the
home.

These developments have been followed by several initiatives of
“hacking the box” to be able to use open-source firmware. The next
step is to provide a device with completely open and flexible hardware.

OpenPattern is developing such hardware based on the inputs from
the past initiatives, using a FPGA as the central component (SoPC)
to acheive the “open hardware” goal at the IP core level.
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1 Context

1.1 ISPs home gateways

With the huge development of triple and quadruple play offers from the
worldwide ISPs (IP-browsing, VoIP, IPTV, IP- phone), end-users are now
using on a daily basis home gateways embedded in proprietary hardware from
the different manufacturers. For instance, French ISPs are now delivering so-
called Internet-box (Livebox, Freebox, 9box ) which are hardware platforms
able to implement Linux for routing, VLC client, video decoding, web-GUI,
SIP-client, file-sharing servers. These designs use mostly two System-on-
Chips which are Broadcom BCM63xx and Texas Instrucments AR7 because
these two chips are the most compatible with the ISP DSLAMs.

1.2 Issues

The main problem with these Home Gateways is that they use proprietary
drivers and are very restricted to the network connectivity they are sold with.
This really decreases the cost of the board, because it is dedicated hardware
but it both prevents people from using new IP procotols and applications on
their gateways as well as it prevents them from using it in another connec-
tivity context because it does not have the proper network interfaces.

1.3 Future home gateways

In a near future Home Gateways will still run Linux as their operating system
because of its stability and the availability of the networking software on it.
More and more, these boards will unify the Home Networking standards such
as Wi-Fi 802.11n ZigBee, PowerLine communications, Gigabit Ethernet into
a single board computer you will use to get access to the internet, watch
the TV, make internet calls and remote control the other equipments of your
home with a sensor network.

The OpenPattern board is ideal to prepare this future because of its wide
range of network interfaces and its software design. It will also increase the
lifetime of a consumer electronics product which is an important aspect with
the upcoming industrial changes that are going to happen.
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1.4 Open hardware initiatives

Quite some Open Hardware initiatives exists, here are some that we listed
because they are really close to the OpenPattern project :

Project Field of interest
Gecko3 Fully open FPGA
GNURadio Radio communications
OpenGraphics Graphics adapters
OpenMoko Cellphones (but closed GSM stack)
OpenSPARC SPARC CPU architecture
GRLIB Extensive library of IP cores, including a CPU
Mico32 Free CPU design
aeMB Free CPU design

2 Architecture

The OpenPattern design uses a FPGA implementing an aeMB softcore CPU
to run user-space applications. There are advantages in using a FPGA as
the central component of the design :

e You can open the design of your board at the IP core level

e There exists a standard core interconnection bus called Wishbone with
a wide collection of compatible free IP cores

e Reduction of the front-end components for hardware interfacing

This 32-bit CPU core has mainline gce, uClinux and uBoot support so that
little development will be spent on getting uClinux and user-space applica-
tions running on the OpenPattern design. We plan to use OpenWRT as a
preinstalled distribution on OMRP products.

2.1 Wishbone bus

The use of the open source Wishbone bus allows us to use other open source
CPU implementations like a Mico32 CPU, or any WishBone compatible pro-
cessor core (ARM7, OpenSparc P1, MIPS R3000 ...). For further develop-
ments of IP blocks, it becomes very easy to add support for a new peripheral
interface and connect it to the other cores using the bus.
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If we later want to add support for virtualisation, we could for instance
simply add N other CPU cores into the FPGA and dedicate a CPU to do
virtualisation for the others. An interesting aspect with the FPGA is that,
given that you precisely know the application you target, you accurately
choose the CPU to synthetise into it to deliver good performances without
losing the scalability.

2.2 Network processor

The network processor is a dedicated FPGA IP block which can be software
configured to do Ethernet bridging between two network interfaces and even
TCP/IP routing and filtering. This Networking core is aware of the Linux
netfiler and bridging stacks and can be directly configured using iptables and
bridge-utils. The translation is done using a FPGA Hardware Abstraction
Library which provides primitives to access the bridging /routing functions of
the Network processor.
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Additionnaly you can test new features in the Network processor without
changing the base of the FPGA. This is particularly useful for network ap-
plications which are more and more going to do in-chip Layer-2/3 routing
such as the Marvell Libertas Wireless chipset with the 802.11s Wireless Mesh
protocol.

2.3 Hardware connectivity
The current design supports different hardware interfaces so that you can

plug in a Mini-PCI Wi-Fi, WiMax or ZigBee card into the OpenPattern
board to make it act as a gateway between its interfaces.

e Xilinx Spartan 3E (low cost) FPGA

2x 10/100 Ethernet MACs

1x Mini-PCI connector

e 2x USB host connectors

1x USB slave connector

e 2x SDIO connectors

e 32MB SDRAM

Firmware and FPGA bitstream are stored on a dedicated SD card, making
the board very flexible and virtually impossible to “brick”.
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2.4 Licensing and Free software issues

The OpenPattern design uses GPLv2 or later IP cores and all the work
developped is also licensed under the same terms. The main problem when
using FPGAs in designs comes from the lack of working free FPGA synthesis
and routing softwares. This kind of software is difficult to write, especially
without the precise specifications of the FPGA chip which are often company
confidential. This issue will not be solved in a near future and this clearly is
the weak link in the whole chain.

3 Applications

Using a low-cost FPGA solution to provide SoC-like routing features, allows
quite some application to finally benefit from the FPGA flexibility without
losing performances.

3.1 Academic and industrial researchers

Academic and industrial researchers really need to have an open design to
work on because otherwise they will spend their time in getting information
they can possibly never have from the manufacturers or distributors because
they want you to sign a NDA. Since designing hardware from scratch is risky
and time-consuming, we provide a working hardware platform so researchers
can focus on developing code or making the existing project evolve instead
of dealing with a new design every time they want to test something.

The OpenPattern platform is also ideal for anyone needing a board that can
host a wide range of network interfaces, would it be for rapid deployment,
development or testing. Since we have been designing and validating the most
complex parts of the system, such as the memory and the DMA controller,
people can use the design to even validate their own hardware.

3.2 Wireless communities

Quite a lot of people in the world are looking for ready- to- use devices
they can deploy in a meshed network, which is what devices like the Linksys
WRT54G currently do. More and more countries will use cheap wireless
equipments to build mesh networks for their cities, and therefore the Open-
Pattern board can be ideal because it can act as gateway for multiple network
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interfaces, mainly Wi-Fi and WiMAX. As it was described, getting decent
open source support, for a given hardware, takes from one month to sev-
eral years after the hardware public relase depending on the Board Support
Package that was shipped with.

3.3 Developing countries

The One Laptop Per Child project currently uses RouterBoard RB532 boards
which are running Linux and since they deploy routers in developping coun-
tries which can have a wide variety of Internet connectivity, it will be useful
for them to have a board which can be adapted to the Internet connection.

Other telecommunications related project setup Wireless and wired networks
in consumer electronics hostile environnments where the connection is re-
trieved from Satellite, PSTN or even Radio-based interface where the use of
an open hardware and software platform is time-saving.

3.4 Customized core-routers

Imagine you plug several OpenPattern designs together to build a core router
with Gigabit interfaces and open source and open hardware doing Layer-2/3
processing, it then becomes an ideal replacement of the traditionnal core
routers to experiment new features directly by changing the FPGA bitstream.
Since the design is modular, it can be scalable to communicate with other
similar boards and have a FPGA dedicated to network operations on one or
two Gigabit interfaces.
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Contact

The OpenPattern projects members can be reached using :

IRC

You can chat with us on IRC using the Freenode Network and joining the
#openpattern channel.

Mailing-lists

You can get access to the list of mailing-lists at https://lists.openpattern.org.

Web site

The OpenPattern website is at http://openpattern.org/.
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