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Abstract (Preface)  
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The energy consumption of all computers 
worldwide will become unaffordable.  

We need to reinvent computing.  

An alternative  programmable technology with 
massively potential for speed -up and to save energy 
and has been developed decades ago (RC). 
 
 

Progress of HPC* is stalled by the 
parallelism wall and the power wall  

However all this is handicapped by 
programmer productivity problems  
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The Twin Wall Crisis: 

Power & Performance   

Worldwide two  drastically  disruptive  developments: 

µP industry  changed strategy  over to  ămanycore ò 

(away from  faster  clock speed) 

Energy consumption of  computing becoming unaffordable  

The Programming Wall  

The Power Wall  
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Outline  

ÅThe coming Shortage of Energy  

ÅEnergy Consumption of Computing  

ÅThe Programmability Crisis  

ÅRescue by Reconfigurable Computing ?  

ÅThe Reconfigurability Paradox  

ÅWe need to Reinvent Computing  

ÅReinventing Programmer Education  

ÅConclusions 
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No more cheap oil  
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Currently : >80 $  

Tendency: growing 
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Oil crises: weekend 

driving ban (Germany)  
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1973  1979/1980  

(depencence on near east oil countries)  
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Beyond Peak Oil  
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J. S. Gabrielli de Azevedo: Petrobras 

e o Novo Marco Regulatório;         

São Paulo, December 1, 2009 
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Cheap Oil Era reached its End  

Rapidly growing energy prices (IEA: factor of 3) predicted.  

50% reserves are under water. Off -shore  Projects re -calculated .  

IEA: ò>six more Saudi Arabias  for the demand predicted for 2030ò  

80% of crude oil is coming from decline fields.  

Higher Standards of living: China, India, Brazil, Mexico, newly industr . countries.  

growing electricity consumption of computers: 10 more Saudi Arabias!  

IEA estimates: demand will double til  the year 2030  

China passes the U.S. in energy use [IEA]  
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Beyond Oil: Literature  
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US:  ~3 $ 

é post petroleum é  

é hundreds of books 
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Beyond oil: 

Literature (2) 
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Outline  
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ÅThe coming Shortage  of  Energy 

ÅEnergy Consumption of  Computing 

ÅThe Programmability  Crisis  

ÅRescue by Reconfigurable  Computing ? 

ÅThe Reconfigurability  Paradox 

ÅWe need to  Reinvent Computing 

ÅReinventing Programmer Education  

ÅConclusions 
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Computers everywhere  
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... Ecosystem : just one  example  
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... Supercomputers ...  
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 more  ...  
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Business Information Systems 

without Computers  
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Lufthansa 
Reservation 

anno 1960 

http://wiki.answers.com/Q/Why_are_computers_important_in_the_world  
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Banking without  Computers  
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COMMputation  

18 

communication 
and computing 
infrasructures  
everywhere  
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Innovation -driven computing 

[Andy Hopper] 

ÅSimulation and modelling are important tools which will 
help predict global warming and its effects.  

19 

ÅComputing will play a key part in optimizing use of resources in the physical world.  

ÅThe amount of infrastructure making up the digital world is continuing          
to grow rapidly and starting to consume significant energy resources.  

ÅTo help generate momentum and achieve these goals, it is important that a 
coordinated set of challenging international projects are investigated.  

ÅWe are experiencing a shift to the digital world in our daily lives 
as witnessed by the wide scale adoption of the world wide web.  

Green IT:  

ÅSmart energy meters: housing, buildings, facilities  

ÅCarpooling and public transport by info web sites  

ÅRoad traffic and transport logistics optimization  

ÅReduce travelling by telecommuting.  
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Some grand challenge 

examples for CPS  
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[Ed. Lee] 

ÅBlackout -free electricity generation and distribution,  

ÅExtreme -yield agriculture,  

ÅSafe, rapid evacuation in response to natural or man -made disasters,  

ÅPerpetual life assistants for busy, senior/disabled people,  

ÅLocation -independent access to world -class medicine, 

ÅNear -zero automotive traffic fatalities, minimal injuries, and significantly reduced 
traffic congestion and delays,  

ÅReduce testing and integration time and costs of complex CPS systems (e.g. 
avionics) by 1 to 2 orders of magnitude,  

ÅEnergy-aware buildings and cities,  

ÅPhysical critical infrastructure that calls for preventive maintenance,  

ÅSelf -correcting cyber -physical systems for òone-offó applications, 

ÅDisaster Response: Large -Scale Emergency Evacuation,  

ÅAssistive Devices.  
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The World Economic Forumõs 

"Global Redesign Initiativeó 

Organizations like UN, UNESCO; GATT, G8, G20 
are increasingly inept at fixing what ails the world:  
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Åeconomic growth  
Åclimate protection  
Åpoverty eradication  
Åconflict avoidance  
Åhuman security  
Åglobal vaccine protocol  
Åglobal risk management  
Åpromotion of shared values  
Åintelligent water management  
Åsmart energy production/distribution é  

òExisting global institutions require extensive 
rewiring to confront contemporary challenges."  

Wikinomics approach for agile world -wide 
mass collaboration without bureaucracy.  

for citizen juries, polling, 
digital brainstorms, policy 
wikis, town hall meetings é 

New paradigm to involve world 
citizens by global IT networks 

with graphic user interfaces  
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Growth of the Internet  

The trends are illustrated by :  

expanding wireless internet,  

growing number of users.  

shipping electronic books,  

more cloud computing?  

and many other services.  
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Internet service providers need to assess 
how much more bandwidth will be required.  

2007 a factor of 30 predicted by the 
year 2030, if current trends continue  

Broadband connections NA, Mex, WE by endõ 2007:  
155 millions - predicted for after 2011: 228 millions.  

larger e -mails,  

services integrõg video and software  

increasing popularity of games,  

massive use of video on demand,  

high-definition video and pay -TV,  

services by mobile phone companies.  
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Power Consumption of Computers  

[Albert 
Zomaya 
2008] 

 

Power consumption by internet : 
x30  til  2030 if  trends  continue  
G. Fettweis, E. Zimmermann: ICT Energy Consumption - 
Trends and Challenges; WPMC'08, Lapland, Finland, 8 ð
11 Sep 2008  
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at Dallas 

 [Randy Katz: IEEE Spectrum, Febr. 2009] 

Energy cost     
may overtake      

IT equipment cost               
in the near future  

ăGoogle causes 2%        
of  the  worlds    

electricity  consumptionò 

(Google 
denied) 

at Quincey 

at Boardman 

2009 
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Electricity Bill: a Key Issue  

ăThe possibility of computer equipment power consumption 
spiraling out of control could have serious consequences 
for the overall affordability of computing.ó 

Patent for water -based data centers  

Cost of a Gõ data center determined by monthly power bill 

 [L. A. Barrosso, Google] 
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Google going to sell electricity  

ÅAlready 2005, Googleõs  electricity bill 
higher than value of its equipment.  
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How Societies Chose 
to Fail or Succeed  

Collapse of our computing ecosystem ?  

Unaffordability of von -Neumann-
centric computing could jeopardize 
all facets  of our global economy.  

Manycore: failure could jeopardize 
both, IT industry & most sections   
of the economy depending on rapid 
improvement of IT.  [Dave Patterson]  

Several recent outages of   
cloud computing services.  

Stuxnet worm: only propaganda trick?  
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without Cyber Infrastructure  ? 
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? 

copyrighted! 

? ? 

homo 
computensis 

homo Neanderthalensis? 
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Outline  
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The Trouble with  Manycore  

The growing core counts  are racing ahead of 
programming paradigms and             
programmer productivity  
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 - a challenge to CS education  

to major extent    
also in mass markets  

going to FPGA: for programmers a paradigm shift  

in supercomputing  

Chipmakers busy designing microprocessors 
that most programmers canõt program                  
[David Patterson, IEEE Spectrum, July 2010] 

doing so without any clear notion of how      
such devices would in general be programmed  

They hope, someone will be able to figure out how to do that  
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Can we get it right this time?  

The òparallel programming problemó: 
addressed for at least 25 years, in HPC.  
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Only a small number of specialized 
developers write parallel code.  

Multicore becoming ubiquitous: some hope 
that òif you build it, they will comeó 

[T. Mattson, M. Wrinn: Parallel Programming:     

Can we PLEASE get it right this time?        
DAC 2008, Anaheim, CA, June 8-13, 2008], 

 

A massive worldwide effort is required, 
taking many years, creating masses of jobs  

We need to reinvent 
programmer education  

We need to reinvent 
computing 

ăThe proud era           

of  von Neumann  
architecture   
passes into history.ò 

�ÅFoundational  change will disrupt  traditional 
habits  throughout  the  discipline  ��������� ́

Michael Wrinn , (keynote at SIGCSE2010): 
Suddenly , All Computing Is Parallel: 
Seizing  Opportunity  Amid the  Clamor 
http://www.sigcse.org/sigcse2010/attendees/keynotes.php  
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Multicore is not new  

ÅACRI  
ÅAlliant  
ÅAmerican Supercomputer  
ÅAmetek  
ÅApplied Dynamics  
ÅAstronautics   
ÅBBN  
ÅCDC 
ÅConvex 
ÅCray Computer   
ÅCray Research  
ÅCuller-Harris   
ÅCuller Scientific  
ÅCydrome   
ÅDana/Ardent/ Stellar/Stardent 

  

ÅDAPP  
ÅDenelcor  
ÅElexsi  
ÅETA Systems  
ÅEvans and Sutherland 
  Computer 
ÅFloating Point Systems   
ÅGalaxy YH-1  
ÅGoodyear Aerospace MPP   
ÅGould NPL  
ÅGuiltech  
ÅICL  
ÅIntel Scientific Computers   
ÅInternational Parallel                 
Machines  
ÅKendall Square Research     
ÅKey Computer Laboratories     

Dead (Super)Computer Society [Gordon Bell, keynote, ISCA 2000] 

ÅMasPar 
ÅMeiko   
ÅMultiflow  
ÅMyrias   
ÅNumerix   
ÅPrisma   
ÅTera  
ÅThinking Machines   
ÅSaxpy   
ÅScientific Computer 
ÅSystems (SCS)   
ÅSoviet Supercomputers  
ÅSupertek   
ÅSupercomputer Systems  
ÅSuprenum   
ÅVitesse Electronics 

the single core sequential mind set was the winner  

only 2 or 3 
successes 

most in 
1985-1995 

- mainly 
research 
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