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The current Computing Revolution  

ÅReconfigurable Computing and FPGAs 

ÅIn Embedded Systems: mainstream for a decade  

ÅFPGA market: 6 Billion US -$ worldwide  

ÅFastest growing section of Semiconductor Market  

ÅMore effective MIPS running on FPGAs than on CPUs  

ÅIt is a really Disruptive  Technology  

ÅShattering the foundations of Computing Sciences  

ÅWe are in the middle of the Break -through  

ÅMost important Revolution since von Neumann  

ÅWe are facing a bumpy ride  

ÅLet us see the bumpy history of Computing  

© 2007,  reiner@hartenstein.de  http://hartenstein.de  

TU Kaiserslautern 

3 

Outline  

ÅWe are facing a bumpy ride  

ÅThe bumpy history of Computing  

ÅThe decline of the Neumann Paradigm  

ÅFPGA s (Field -Programmable Gate A rrays)  

ÅThe Reconfigurable Computing Paradox  

ÅThe unavoidable Paradigm Shift  

ÅBridging the Paradigm Chasm  
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Microprocessor speed stalled  

Relative peak  performance  
[in terms of GigaHertz]  

1980 1990 2000  2010 
100 

103 

8080  

Pentium 4  

ÅMany-core on Chip microprocessors coming  

ÅParallelism running out of steam for >4 cores  

ÅOnly a few specialists for few special application areas  

ÅMany-core: Break -through or Breakdown?  

intelôs vision: 
MultiCore  
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Reset Roadmaps for the next 30 years  

Dave Patterson:  òThe industry is already betting on multicore for 
future improvements in computing performance.  

To use a football analogy,  the computing industry has already thrown 
a "Hail -Mary" pass* with the first round of multicore designs.  

The ball is in the air, but nobody is running yet. That's where things 
stand today."  

*) a Hail Mary pass in American football is a forward pass  
    made in desperation, with a very small chance of success  

Methods for supporting manycore could reset microprocessor 
hardware and software roadmaps for the next 30 years  
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Climate Change in Computing 

Åproblem Multicore 
microprocessors  

ÅThe breakthrough 
of FPGAs  

 

Åproblem Multicore 
microprocessors  

ÅThe breakthrough 
of FPGAs  
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Become an FPGA engineer ? 

Will we need to 
learn hardware 
design? 
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Outline  
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history  Konrad 
Zuse,      
Z1, 1938 

mainframes (IBM, é.) 

computing center 
(batch) 

òvon Neumannó 
[1946]  
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history  Konrad 
Zuse,      
Z1, 1938 

mainframes (IBM, é.) 

supercomputers 
(Cray,  IBM, ... )  

òvon Neumannó 
[1946]  

computing center 
(batch) 
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Monstrous Steam Engines of Computing  
 

5120 Processors, 5000 pins each 
Crossbar weight: 220 t, 3000 km of thick cable, 

larger than    

a battleship  

power measured in 
tens of megawatts,  

floor space measured 
in tens of thousands 
of square feet  

ready 2003 
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bumpy ride: 
sorrowful 

experiences  

history  Konrad 
Zuse,      
Z1, 1938 

mainframes (IBM, é.) 

supercomputers 
(Cray,  IBM, ... )  

computing center 
(batch) 

terminals 

minicomputers 
(DEC, é) 

process 
control 

(embedded) 

department 
computer 

VAX-11/750 

ASI on VLSI at Urbino, Italy, 1981 
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history  

minicomputers 
(DEC, é) 

mainframes (IBM, é.) 

process 
control 

(embedded) 

personal computer 
(PC: 1975+) 

department 
computer 

microcontroller 
(embedded: 1968+) 

computing center 
(batch) 

terminals 

supercomputers 
(Cray,  IBM, ... )  

Ted Hoff 
MITS 
Altair 

microcomputers  
(intel, é.) 

history 
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first archetype machine model  

main 
frame  

CPU 

compile or  
assemble 

procedural  
personalization   

Software Industryõs 
Secret of Success  

simple basic . 
Machine Paradigm 

personalization:  
RAM- based 

instruction - stream -   
based mind set   

òvon Neumannó  

But now we live in 

the Configware Age  

But now we live in 

the Configware Age  

Software 
Industry  
Software 
Industry  
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Outline  
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von Neumann is not  the common model 

program 
counter 

DPU 
CPU 

RAM 
memory 

von Neumann 
bottleneck 

von Neumann 
instruction -stream -

based machine 

co-processors  

  accelerator CPU 

instruction -
stream -
based 

data -
stream -

based 

h
a
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a
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software  

mainframe age:  

microprocessor age:  
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history  

minicomputers 
(DEC, é) 

mainframes (IBM, é.) 

process 
control 

(embedded) 

personal computer 
(PC: 1975+) 

department 
computer 

microcontroller 
(embedded: 1968+) 

computing center 
(batch) 

terminals 

supercomputers 
(Cray,  IBM, ... )  

microcomputers  
(intel, é.) 

server farms  

© 2007,  reiner@hartenstein.de  http://hartenstein.de  

TU Kaiserslautern 

18 

New: Blade Servers  

need more energy by a factor of 2.5  
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Whatôs Really  Going On With Oil Prices? 

[BusinessWeek, January 29, 2007]  

$52   Price of delivery in February 2007        
[New York Mercantile Exchange: Jan. 17]  

$200  Minimum oil price in 2010, in a bet by 
investment banker Matthew Simmons  
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Energy as a strategic issue  

ÅGoogleôs annual electricity bill: 50,000,000 $ 

ÅAmsterdamôs electricity: 25% into server farms 

ÅNY city server farms: 1/4 km 2 building floor area  

ÅGoogleôs annual electricity bill: 50,000,000 $ 

ÅAmsterdamôs electricity: 25% into server farms 

ÅNY city server farms: 1/4 km 2 building floor area  

[Mark P. Mills] [Mark P. Mills] 

ÅPredicted f. USA in 2020: 35 -50%  of the entire national 
electricity consumption goes into cyber infrastructure  
ÅPredicted f. USA in 2020: 35 -50%  of the entire national 

electricity consumption goes into cyber infrastructure  

ÅpetaFlop supercomputer (by 2012 ?): 
extreme power consumption  
ÅpetaFlop supercomputer (by 2012 ?): 

extreme power consumption  
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Here is the contemporary common model  

program 
counter 

DPU 
CPU 

RAM 
memory 

von Neumann 
bottleneck 

von Neumann 
instruction -stream -

based machine 

co-processors  

  accelerator CPU 

instruction -
stream -
based 

data -
stream -

based 
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software  

mainframe age:  

microprocessor age:  

Now we are in the configware age:  

  accelerator 
  reconfigurable 

  accelerator 
  hardwired 

CPU 

© 2007,  reiner@hartenstein.de  http://hartenstein.de  

TU Kaiserslautern 

22 

history  

minicomputers 
(DEC, é) 

mainframes (IBM, é.) 

process 
control 

(embedded) 

personal computer 
(PC: 1975+) 

department 
computer 

microcontroller 
(embedded: 1968+) 

FPGA  (Xilinx, é 1984+) 

computing center 
(batch) 

terminals 

supercomputers 
(Cray,  IBM, ... )  

microcomputers  
(intel, é.) 

server farms  

© 2007,  reiner@hartenstein.de  http://hartenstein.de  

TU Kaiserslautern 

23 

Outline  
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FPGA s (Field -Programmable Gate A rrays)  
 

ÅA confusingly strange historic term:  

Å1984+: òlogic design on a strange platformó 

ÅDo all 15 million software developers     
need to learn hardware design?  

ÅThe strange term still in use, points to the 
bumpy history of FPGA applications  
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The Pervasiveness of 
Reconfigurable Computing (RC) 

162,000  

127,000  

158,000  
113,000 

171,000 
194,000  

# of hits 
by Google 

1,620,000  

915,000  

398,000  

272,000  

647,000  

1,490,000  

# of hits 
by Google 

òFPGA and  ğ.Ě FPGAs are used everywhere  

Nov. 2005 
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FPGA with island architecture  FPGA with island architecture  

FPGA with island architecture 

reconfigurable 
logic box  

switch box  switch box  

connect box  connect box  
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switch point & connect point  

Configuration Examples  

Programming 
in space,   
not time  

connect box connect box 

switch box switch box 

2 Bit 

6 Bit configuration bit stream: 

2 

1 

4 1 

2 

compact: 4 Bit 

configuration bit stream: 

(000000 for passive state) (000000 for passive state) 

(passive: 
00) 

FF Bit of hidden RAM 
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Example: 1 wire routed  Examle: 1 net  A 

B 

example: 
wire 

routed 
for 1 net 

configuration of 
connect boxes 

configuration of 
connect boxes 

configuration of 
switch boxes 

configuration of 
switch boxes 
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Reconfigurable Supercomputing Revolution  

Cray XT4  

silicon graphics RASC  

Chuck Thacker 
© 2007,  reiner@hartenstein.de  http://hartenstein.de  

TU Kaiserslautern 

30 

Reconfigurable Accelerators  

1980 1990 2000  2010 
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8080  

Pentium 4  

early speed -up factors  

the 
memory 

wall 

the 
memory 

wall 

Speed- up:   15.000  

Xputer Lab  

Image processing,  
Pattern matching  



reiner@hartenstein.de 
21 May 2013 

IEEE Computer Society EAB November 2005 at Philadelphia 6 

Reiner Hartenstein, TU Kaiserslautern, Germany  
http://hartenstein.de  

© 2007,  reiner@hartenstein.de  http://hartenstein.de  

TU Kaiserslautern 

31 

historic Xputer Lab  

 Compiler  running on 
our VAX -11/750  

MoM  demo set -up 
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Processing 4-by-4 Reference Patterns  

Design Rule Check accelerator:  
It is a kind of image processing  

hundreds or thousands of Boolean 
equations per scan window position  

2- D memory address space  

DPLA: fabricated by the       

E.I.S. Multi University Project: 

PISA DRC accelerator [ICCAD 1984] 

1984: 1 DPLA      
replaces 256 FPGAs 

PLA is more area - efficient than FPGA  
- by several orders of magnitude  

PISA: a 
forerunner 

of the MoM 
Xputer  

  accelerator 
  reconfigurable 
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Speed-up by MoM-1 compared to  68020  
PISA project 
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reconfigurable Generic Address Generator  GAG  

Generalization of the DMA  

data 
counter 

GAG 

patented by TI 1995 

Åstorge scheme optimization 
methodology, etc.  

Acceleration factors by:  

Åaddress computation 
without memory cycles  

*) Software to     
 Xputer migration 

the non-von�±Neumann anti machine  uses      
data counters  instead of a program counter 
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Outline  

ÅWe are facing a bumpy ride  

ÅThe bumpy history of Computing  

ÅThe decline of the Neumann Paradigm  
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reconfigurability 
overhead>  

routing 
congestion 

wiring 
overhead 

overhead:  

>> 10 000 
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FPGA 
logical  

FPGA 
routed  

density:  

FPGA 
physical  

transistors 

/ microchip 

immense area 

inefficiency  

immense area 

inefficiency  

1st  DeHonôs Law 
[1996: Ph. D thesis, MIT] 
general purpose ñsimpleò FPGA 

Deficiencies of reconfigurable 
fabrics (FPGA)  

power guzzler  power guzzler  

slow clock  slow clock  

deficiency 

factor: >10,000  

deficiency 

factor: >10,000  


