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Talk Organization
= Overview, motivation, project organization

= RAMP Blue system details

= Version implementation
m Lessons learned and future directions

m Q&A
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Motivation for RAMP

10000 .
Uniprocessor Specint Performarfee®m -
Hennessy and Patterson, Computer Architecture:
Quantitative Approach, 4th edition, 2006 20%/year
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m Seachange i n chip design: multipl
A More instances of simpler processors are more power efficient
A Simple model for hardware scaling

m Moor eds L aaves:@X APUsynmclip/~ 2 years
m Multicores now (2, 4, 8, %AMEIa
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RAMP Partnerships

m CoPIs: Krste Asanovic (UCB), Derek Chiou (UT Austin), Joel Emer (MIT/Intel), James Hoe

(CMU), Christos Kozyrakis (Stanford)-SbmLu (Intel), Mark Oskin (Washington), David
Patterson (Berkeley), and John Wawrzynek (Berkeley)

= HW development activity centered at Berkeley Wireless Research Center.

c &
= Three year NSF grant (Q0¥51739) for staff (awarded 3/06).*- &'RC .

m Hosted within GSRC Design Drivers Theme. X
. C : . 3«% :

= Major continuing commitment from Xilinx. . g qS RC
m Collaboration with MSR (Chuck Thacker).i‘

icrosoft
= Sun, IBM contributing processor desians, IBM faculty a\%'ch

»

e Powerorg EEERS

component of multiprocessor research and development. FPGA ¢

the only practical approach. RAMP is the only public project of thi
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Research Accelerator for

@S%M/I\/Iultlple Processors

Invent an infrastructure to buildapptieate mudtbre and maiopre

architecture emulators using FPGAs
A Not FPGA computing
A Not a gatievel verification platform (Quickturn, Palladium)

Why:
= Rapid design space exploratighinew set of architecture parameters
can be tried each day leading to highly efficient (power, cost) desig

= High confidence verification of design specification (conventional sc
simulators are either too slow or not trustworthy).

= An early platform for software development while waiting for machit

built. RAMP
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Themes

= RAMP Blue is one of several initial design drivédRes$eatica
Accelerator for Multiple Process(RAMP) project.

= RAMP Blue is sibling to other RAMP design driver projects:

= 1)RAMPRed Port of existing transactional cache system t
FPGA PowerPC cores

s 2)RAMBPBlue Message passing distributed memory systetr
using an existing FPGA optimized soft core

= 3)RAMPWhite Cache coherent multiprocessor system witl
featured sedbre

Goalof buildinga classof large(5001K processocore)
distributethemorynessag@assingnanycoresystemsn

aFPGAs
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RAMP Blue Objectives

Primary objective is to experiment and learn lessons on building large s
manycore architectures on FPGA platforms

A Issues of FPGA implementation of processor cores

A NOC implementation and emulation

A Physical (power, cooling, packaging) of large FPGA arrays
A

Set directions for parameterization and instrumentation of manycore
architectures

Proof of concept for RAMPechnical imperative is to fit as many cores as
possible in the system

Starting point feisearch in distributed mem¢rnyo | d st yl e #fs
and cluster style architecturesh i nt ernet i n a boxo

Develop and provgigeware blocki®r other projects.
Application driverrun oftheshelf, message passing, scientific codes and

benchmarks
RAME
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RAMP Blue Hardware

m Completed Dec. 2004 (14x17 idahiet2°CB)

= 5 Virtex Il FPGAs, 2BEEZ2: Berkeley Emulatlon Engine 2

banks DDR4&D0O
memory,
18 10Gbps conn.

= Administration/
maintenance ports
A 10/100 Enet
A HDMI/DVI
A USB

s ~$6K (w/o FPGAs
DRAM or enclosurt
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-
BEEZ2 Module Detalls
12.8GB/s (400DDR)
Infiniband 4X E E E E _ E E E E infiniband 4X
10Gh/s X4 100BT Infiniband 4X

Ethernet  10Gb/s X2 10Gb/s X4

= Four independent
200MHz (400 DDR2)

SDRAM interfaces per User FPGA
FPGA 5 FPGAs Control
s FPGA to FPGA connects”™" " FPGA
using LVCMOS xa E E E\
A Designed to run at  miniband 2 nfiband 4
300MHz }
A Tested and routinely 138 bl S0V BDR_11.4Gb'
used at 200MHz (SDK EEEREEE re———
-single ended ( E E E E
m Al nfinibando 10Gb/ s | inks use nXAL
communications core for the physical layer interface.
m Hardware will support ot her

Interfaces. i{,/ﬂ‘ell-?
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Physical Network Topology

s The 10GDb/s affodule serial links (4 per ‘

o Y

e
0
0
0
0
e
0

user FPGA) permit a wide variety of @5 @

g
" e,
OIS

network topologies. Vet @ BEE2Module
‘ ....... ' ....... MGT Link

s FPGAs emodule in aring

m Therefore each FPGA is at most 4 ¢
module links + 1 serial link connecti
away from any other in the system.

e = + Minimizes dependence on use of

— LVCMOS link serial links:

A Latency i1 n 103s
= Example Topologyp 3esh of FPGAS ¢\ jes for emodule links (ideal)

= In RAMP Blue-V2 links are used tQ - Scales only to 17 modules total, v3
Implement ail-to-all module used D mesh

topology RAMP
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MicroBlaze V4 Characteristics

A

3-stage, RISC designed for implementation on FPGAS

i Takes full advantage of FPGA unique features (e.g. fast carry chains
addresses FPGA shortcomings (e.g. lack of CAMs in cache)

i Short pipeline minimizes need for large multiplexers to implement by

Maximum clock rate of 100 MHz (~0.5 MIPS/MHZz)IdPr¥/irtex
FPGAS

Split I and D cache with configurable size, direct mapped (w
$l, 8KB $D)

Optional single precision floating point unit (off).
Up to 8 independent fast simplex links (FSLs) with ISA supp

Configurable hardware debugging support (watch/breakpoin
(Microprocessor Debug Module)

GCC tool chain support and ability to run uCIinuRAMP
j T
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Other RAMP Blue Requirements

1. Gateware and softwareniatiple MicroBlazesith uClinux on

BEE2 modul&é

i Sharing of DDR2 memory system

i Shared debugging, control, and
FPGA

2. fOnc hi p nfertMigroBlakedo MicroBlaze communicatic
i Communicationamp, FPGA to FPGA on board, and board to board

3. Double precision floating pounrtit for scientific codes

RAMPE
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Node Architecture



