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Marvell’s Galileo Horizon™ Single-Chip

Communication Controllers Powered
by Tensilica’'s Xtensa Core

al i Ie o Marvell, a technology leader in the development of extreme
broadband communications solutions, is one of the semicon-

A Division of Marvell*  ductor industry's fastest growing suppliers of high-performance,
integrated circuit devices serving the needs of the leading OEMs in the LAN,
MAN, and WAN markets.

Marvell’s Galileo Technology division designed the GT-96122/GT-96132 commu-

We were faced with the hurdle of

creating an economical single-chip nication controllers to provide a robust and flexible solution combining nearly
all of the common controller and packet processing functions found in routers

solution that is fully compatible with and internet infrastructure equipment into a single chip. As the newest addition
to Galileo Horizon Family of Advanced Communications Controllers, the

our existing Horizon™ controllers but GT-96122/GT-96132 needed an embedded 32-bit RISC processor with enough
performance horsepower to target the core of next-generation multi-service edge

supporting a more powerful set of routers and remote access equipment.
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Targets the LAN/WAN Internetworking Space.

The engine at the heart of the latest Horizon controllers, the NetGX™ Coprocessor, is an
Xtensa™ core with special Marvell-defined TIE (Tensilica Instruction Extension) instruc-
tions. Thanks to the Xtensa processor technology, the GT96122/32 deliver optimum per-
formance for flow-classification, security functions and host CPU/LAN/WAN interfaces
for applications such as routers, concentrators, multiplexers and gateways.




Marvell’s design
challenge

Marvell’s Galileo Horizon™ controllers tar-
get performance-critical next-generation
internetworking products such as edge
routers, access concentrators, xDSL access
multiplexers (DSLAMs) and Voice-over-IP
gateways that demand high performance
communication controller building blocks
that take as little board space as possible.
This means key components such as the
controller, packet classification engine,
security or encryption engine, WAN inter-
face, LAN interface and other peripherals
need to be collapsed onto one chip. It also
means that the processor engine that
drives these controllers must have the
performance and the architecture/software
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flexibility to support new DSP and com-
munication instruction extensions. “We
were faced with the hurdle of creating an
economical single-chip solution that is fully
compatible with our existing Horizon
controllers but with a more powerful set of
functionalities for converged applications of
voice, video and data,” said Dave Matteucci,
Marvell’s VP/General Manager of the
Internet-working Products Business Unit at
Marvell. “We needed a processor engine for
our controller family that could be highly
optimized by our engineers to meet our
performance specs while offering low-risk
integration.” Although there were other
solutions that Marvell could have selected,
none offered the configurability and
extensibility that Marvell needed.
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Solution: Tensilica’s
Xtensa configurable
processor core

The Xtensa-based NetGX Coprocessor
is at the heart of Marvell’s newest addi-
tions to the Galileo Horizon family of
controllers, the GT-96122 and GT-96132.
Marvell engineers configured the Xtensa
core and constructed new DSP and
RISC instructions using the Tensilica
Instruction Extension (TIE) language

to optimize the NetGX Coprocessor for
performance in networking control
applications. The Xtensa solution pro-
vides a correct-by-construction approach
and generates a complete software devel-
opment tool chain for each configura-
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The Power of a Configurable RISC core.
The blocks shown as ‘Base ISA Feature’ are common to all configurations. The ‘Configurable Function’ blocks are
included in each base processor but are parameterized by the system designer. ‘Optional Function’ indicate ele-
ments available to accelerate specific applications. The ‘Optional and Configurable’ blocks are optional elements
scalable to fit the applications, including peripherals. The ‘Advanced Designer - Defined Coprocessors’ are blocks
reserved for designer-defined execution units.



tion. This reduces the risk of integration
and provides a complete product to mar-
ket quicker.

Building a complex
networking ASSP

The GT-96122/32 include a WAN packet
processor unit, a LAN processor unit, a
system interface unit, and other peripheral
functions. The NetGX coprocessor is the
engine that processes all multi-media traffic
routed throughout the system. The interface
includes the host CPU interface, PCI bridge
and four general purpose DMA units.

The WAN packet processor includes eight
high-speed channelized multi-protocol
serial controllers, serial DMA engines and

eight TDMs (time division multiplexers).
The LAN interface includes two fast
Ethernet MACs with packet filtering and
quality-of-service engines.

Basic instruction set

Tensilica’s Xtensa architecture supports
over 80 base instructions, including
improved 16-and 24-bit (rather than 32-bit)
RISC instruction encoding. Xtensa’s
advanced architecture allowed Marvell’s
design team to achieve significant code
size reductions that resulted in higher
code density and better power dissipation -
key to saving cost in a highly integrated
ASSP. The Xtensa core’s 16-and 24-bit
encoding also provided more powerful
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branch instructions such as combined

compare and branch and zero-overhead
loops, and bit manipulations including
funnel shifts and field extract operations.

In addition to the Xtensa core’s native
instruction set, Marvell needed an extended
instruction set that performed powerful
internetworking-optimized data manipu-
lation, security protocol acceleration, and
DSP functionality in as few cycles as
possible. Using the Tensilica Instruction
Extension (TIE) Compiler, Marvell created
more than twenty new instructions that
specifically accelerate these functions,
providing more than 100X performance
improvement when compared to identical
software implementations on a non-
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The Horizon GT-96122/GT-96132 handles common communications functions. For example, up to 256 channels can be parsed out from
the eight high-speed WAN packet streams. 256 DS-0s (64Kbit/s) can be broken out of eight channelized T1/E1 lines or any humber of DS-
0s and DS-1s can be broken out of a fractional T3/E3 connection. In addition to the T- and E- class carrier protocols, Frame Relay, ISDN,
HSSI, and all packet-based DSL technologies are also supported. These fast WAN connections (each port can operate at 55Mbit/s, full
duplex) equates to an increase in the Internet throughput supported by a single edge router.

Ported to the Xtensa-based NetGX Coprocessor is a Five-tuple Flow-classification Module that includes packet classification protocols
based on Layer 4 and 5 information (for example, Source IR, Destination IR, Source Port, Destination Port and Protocol of IPv4 packets);
and an IPSec Module, that includes Encryption/Decryption (DES and 3DES) and Authentication using Message Authentication Code
(MAC) hashed by Secure Hash Algorithm 1 (SHA1) and Message Digest 5 (MD5) (for example HMAC-SHA1 and HMAC-MD5).



The old approach...
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optimized processor. And, thanks to the
fully automated Tensilica technology, the
new instructions were automatically
supported by the GT-96122/GT-96132
programming tools just as if they were
part of the basic instruction set.

Summary

Marvell had the vision, and the Xtensa
core’s configurability and extensibility
provided the outlet for the newest
generation of Horizon controllers. Higher
level packet processing, with an integrated
approach for new technology services
such as voice-over -IP and streaming
video in evolving enterprise-class
equipment, will benefit next generation
multi-service routers and remote access
equipment.
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...the new approach.
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