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IBM Research Makes World’s Smallest Movie Using Atoms 
http://www-03.ibm.com/press/us/en/pressrelease/40970.wss 
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1950s:	
  Figh,ng	
  Polio	
  with	
  Punch	
  Cards	
   1953:	
  A	
  Heart	
  on	
  Wheels	
  

1976:	
  IBM	
  &	
  World	
  Health	
  Organiza,on	
  	
  
Map	
  Smallpox	
  Outbreaks	
  

1960s:	
  Taking	
  on	
  Leukemia	
  with	
  	
  
Blood	
  Cell	
  Separator	
  

A History of Innovation 
1950s… 1960s… 1970s… 
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1992:	
  Surgical	
  Robot	
  	
  
IBM	
  &	
  Univ.	
  of	
  California	
  

1990s:	
  3D	
  Medical	
  Imaging	
  
IBM	
  &	
  Univ.	
  of	
  Washington	
  

2008:	
  IBM	
  &	
  Univ.	
  of	
  Edinburgh	
  	
  
Fight	
  Spread	
  of	
  HIV	
  

2010:	
  IBM	
  &	
  Roche:	
  DNA	
  Sequencing	
  

2011:	
  IBM	
  &	
  Singapore’s	
  	
  
Ins,tute	
  of	
  Bioengineering	
  	
  
and	
  Nanotechnology:	
  
Using	
  Semiconductor	
  
Nanotechnology	
  to	
  	
  
Fight	
  Bacteria	
  

A History of Innovation 
1990s… 2000s… 2010s… 

A History of Innovation 
1990s… 2000s… 2010s… 
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§ Experience & Expertise § Solutions & Platforms 

Austin 

High performance & low power VLSI design & tools, system level 
power analysis, & new system architectures. 

Almaden 

Computer science, database, user interface, web software, storage 
systems, physical science,  material science, nanotechnology, life 
sciences, & services 

Watson 

Computer science, database, data mining, user interface, storage 
systems, materials science, nanotechnology, life sciences, mathematics, 
semiconductors, services 

Zurich 

Nanotechnology, storage systems, semiconductors, advanced servers, 
systems design, IT security & privacy, business optimization, mobile 
enablement, services 

Haifa 

Storage & business continuity systems, verification, active management, 
multimedia, information retrieval, life sciences programming 
environments, optimization,  

Tokyo 

Analytics & optimization, text mining & speech, middleware, system 
software, security & compliance, electronic & optical packaging, 
technology, accessibility center 

India 

Speech technology, pervasive computing, e-governance, information 
management, e-commerce, distributed computing, software 
engineering. life sciences 

China 

Business integration & transformation, information & knowledge 
management, embedded systems & devices, resilient & pervasive 
infrastructure, user interactions 

x86 

GPFS Infrastructure Storage Network 

Software Tools Programming  
Models Applications 

x86 

GPFS Infrastructure Storage Network 

Software Tools Programming  
Models Applications 

x86 

GPFS Infrastructure Storage Network 

Software Tools Programming  
Models Applications 

IBM Deep Computing 
…deriving scientific and business value from information 
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IBM Research 
Science vs Industry | Theoretical vs Applied Science 

Austin 

High performance & low power VLSI design & tools, system level 
power analysis, & new system architectures. 

Almaden 

Computer science, database, user interface, web software, storage 
systems, physical science,  material science, nanotechnology, life 
sciences, & services 

Watson 

Computer science, database, data mining, user interface, storage 
systems, materials science, nanotechnology, life sciences, mathematics, 
semiconductors, services 

Zurich 

Nanotechnology, storage systems, semiconductors, advanced servers, 
systems design, IT security & privacy, business optimization, mobile 
enablement, services 

Haifa 

Storage & business continuity systems, verification, active management, 
multimedia, information retrieval, life sciences programming 
environments, optimization,  

Tokyo 

Analytics & optimization, text mining & speech, middleware, system 
software, security & compliance, electronic & optical packaging, 
technology, accessibility center 

India 

Speech technology, pervasive computing, e-governance, information 
management, e-commerce, distributed computing, software 
engineering. life sciences 

China 

Business integration & transformation, information & knowledge 
management, embedded systems & devices, resilient & pervasive 
infrastructure, user interactions 
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Breakthrough Technology!
…state of the art tools for Grand Challenges"
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Breakthrough Science 
•  Role of simulations in Research 
•  Explosion of data for study 
•  Time to discovery / innovation 
• ...there are still lots of 
questions! 

Technological Limitations 
•  Science is ahead of technology 
•  Systems are becoming complex 
•  No escape from parallelism 
• ...it will only become weirder! 

Breakthrough Technology!
…the only way to deliver required performance"
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IBM continues longstanding leadership in total installed aggregate floating point throughput with 
40.9% of total installed performance.  

Source:  www.top500.org 
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Rigid docking Massive rigid docking First principles docking 

Peptide analysis Mouse brain Rat brain Protein folding 

In vivo bone analysis Full bone analysis G-receptors Human brain 

Leading edge supercomputers 
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Earthquake Solid earth (petroleum, water, voids)  

Airfoil design Full automobile Full aircraft design 

Vibroacoustic analysis Comp. photolithography Plasma (fusion) Nuclear plant 

Nuclear reactor Nuclear fuel Nuclear reactor low fidelity 

HPC Applications at their scale!
…too much is never enough"
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Grand Challenges: Influenza 

Anticipate virulent genetic changes in the Influenza virus that will enable 
preparation of effective vaccines and therapeutics in advance of those changes 
 
Computational modeling of mutations in proteins H5 and H3 
 
Predict biological consequence of mutations 
 
Receptor binding - specificity to avian vs. human host 
 
 
 
 
 
 
 
Antibody binding  
- escape from (vaccine) antibody neutralization 

T131I 
HA 

Fab 



© 2012 IBM Corporation 16 6/16/13 

Grand Challenge: Automotive Safety 

Computer simulations have 
reduced the number of 
physical crash tests by 
about 85% 
 
So we now know the effect 
of crashes on Dummies… 
which enables us to infer 
the effects on people 

What if we could simulate 
the effect of a crash on the 
anatomy and physiology of 
real human beings? 
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...but modeling the heart requires bridging between organ level & molecular level 

Reconstruction and 
simulation  of the 
whole heart 

Mathematical models of the heart will enable better therapies for heart disease.. 

Sarcomere contracts by 
cyclical interactions of 
myosin on thick filament 
(red) and actin in thin 
filament (green). In each cell of the 

heart, a lattice of 
sarcomeres produce 
contraction on every 
heart beat. 

Organ level 
Seconds Cell level Molecular level 

Pico Seconds 

Grand Challenge: Simulating the Human Body 
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Grand Challenge: Square Kilometer Array (SKA) 
§  SKA is an ambitious project to build worlds largest Radio Telescope (and scientific 

instrument) 

§  Will comprise of ~5000 12m radio telescopes spread across ~5000km all synchronised to 
create 1 virtual telescope with a collecting area equivalent of 1sq km (massive sensor 
network) 

§  Will require exaflop signal processing/compute, petabit/s networking and exabyte storage 
capability. 

§  Solving SKA challenges support sensor network evolution 
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Today’s most energy efficient 
computers @ 1 Exaflop =  
~2GWatts @ $1/Year/Watt =  
$2 Billion/Year 
 

IBM’s Target:   
1ExaFlop =~20MWatts 

Field effect transistor 

Source Drain 

Gate 

Thick Gate Oxide 

Scaled Gate Oxide 

1.2 nm oxynitride 

Grand Challenge: Power Efficient Computing 
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Future  

Over the next 8-10 years 
Ø Frequency might improve by 2-4x 
Ø Ops/cycle might improve by 2-4x 
Ø Only opportunity for dramatic 
performance improvement is in number of 
compute engines 

Scalability 
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ICM's New Blue Gene Supercomputer Supports The 
Largest Biomedical Research Initiative In Poland 
 

22 6/16/13 

http://www-03.ibm.com/
press/us/en/pressrelease/
40788.wss 
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IBM’s vision for HPC!
Leverage	
  technology,	
  science,	
  management	
  and	
  innova,on	
  to	
  
make	
  major	
  improvements	
  in	
  business	
  and	
  society	
  –	
  in	
  the	
  
very	
  way	
  the	
  world	
  works	
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Thank You!  


