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• Cracking DES ?

• Data Encryption Standard 56 Bit key length

• Exhaustive key search 
(FPGA based):

–4 completely pipelined DES 
engines per FPGA (courtesy of 
the crypto group of UCL)

–one key per clock cycle per 
DES engine

–One FPGA@100MHz: 400 
mio. keys/ sec
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Free Climbing to Highspeed-I/O

picked the 
wrong chip

Solution same 
Vendor use

different a chip
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Idea: USB 2.0 (480Mbit) is a commonly used interface

Prototype C

working with good 
performance
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Design goals:
• maximize bandwidth 
• availability of memory
• scalability
• cost and performance optimization

moving FPGA computing to a 
massively parallel architecture
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Design goal: maximize computational performance 

• size of FPGAs
• Spartan-3 5000

• number of FPGAs
• at least 128 per machine

• energy per FPGA
• 7 A, 1.2 V

http://www.sciengines.com
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Design goal: maximize bandwidth 

• LVDS 
• short and fast lines 
• fully impedance-controlled design
• minimum bandwith per differential pair 1Gbit/s

http://www.sciengines.com
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Design goal: availability of memory

4 levels of memory
• local memory per FPGA

 32 MByte DRAM 
• local RAM-Uplink per FPGA

 32 GByte Flash (micro SDHC) per FPGA*
• shared memory

 backplane memory card available
 32 GByte DDR3

• hard disk drive*
 4 TByte SATAII

*optional

http://www.sciengines.com
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Design goal: scalability

Fully modular and scalable design
• Scalable thrue uplink

logically and physically with full backplane bandwidth even 
beyond machine borders

• 8 FPGAs per FPGA-Card
 Spartan-3 5000, 32 MByte DRAM

• Controller-Card
 PCI-Express / Backplane

• Backplane
 18 identical slots

• Integraded µATX-PC
• Industry 3-HU-Rack-Enclosure

http://www.sciengines.com
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• three independent bus systems
• JTAG e.g. configuration, debug
• shared bus e.g. configuration, debug, broadcast
• point to point 16 lanes, direction configurable

• 4 firmware assisted 
   communication schemes
• memory mapped I/O
• lineare systolic array
• one to many / one to all
• user*

* not recomended

http://www.sciengines.com
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Service
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FPGA

FPGA

Service
FPGA

FPGA
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Contr.

Contr.

FPGA FPGA FPGA FPGA FPGA

FPGA FPGA FPGA FPGA

FPGA FPGA FPGA FPGA FPGA

FPGA FPGA FPGA FPGA
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Contr. Contr.FPGA

FPGA

FPGA

FPGA

FPGA

FPGA

FPGA

FPGA

FPGA
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 About us 
 Motivation
 Todays Approaches
 Our Approach
 Performance Evaluation
 Conclusion and Comments
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Sneak Preview

Prototype Backplane 

8 Layers

4.25 mm
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Sneak Preview

Prototype Enclosure 
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Sneak Preview

Prototype Controller 

  Spartan-3

3400 A

  PEX 8311

EEPROM

32 MB-

DRAM

  PCIe 1xLane

EEPROM

    LAMDA SENSE +     

          POWERON

SERVICE 8BIT

n* (1-Wire-Bus)

RIVYERA-Backplane

PCI-Express 1x

32 MB DRAM

JTAG
Plattform-PROM

Spartan-3 5000

SATAII

SATAII
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Sneak Preview: FPGA-Card

pre production series rev. 2 
PCB

• half the physical length
• same height
• twice the bus bandwidth

functional non cost optimized prototype without DRAM 8 x Spartan-3 5000
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Sneak Preview: FPGA-Card
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Sneak Preview: FPGA-Card
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COPACOBANA RIVYERA
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Green Super Computing
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Thank You !

QUESTIONS ?
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Contact:



Gerd Pfeiffer
Geschäftsführer CEO

Jost Bissel
Chief Software Architect CSA

Stefan Baumgart
Chief Hardware Engineer CHE

info@sciengines.com
www.sciengines.com


