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Data from Peter Kogge, Notre Dame 
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What’s the Power Problem? 

§  Mira:	
  Blue	
  Gene/Q	
  System	
  
–  20	
  1mes	
  faster	
  than	
  	
  BG/P	
  Intrepid	
  (10	
  PF)	
  
–  ~4	
  1mes	
  more	
  power	
  (~4	
  MW)	
  
–  ~5X	
  more	
  power	
  efficient	
  than	
  BG/P	
  

§  Repeat	
  twice	
  to	
  reach	
  Exascale?	
  
–  	
  400	
  1mes	
  faster	
  than	
  BG/Q	
  Mira	
  (4	
  EF)	
  
–  ~16	
  1mes	
  more	
  power	
  (~64	
  MW)	
  
–  ~25X	
  more	
  power	
  efficient	
  than	
  BG/Q	
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Japan:	
  
1	
   China	
   Tianhe-­‐2	
  
2	
   USA	
   Titan	
  
3	
   USA	
   Sequoia	
  
4	
   Japan	
   K	
  Computer	
  
5	
   USA	
   Mira	
  
6	
   Switzerland	
   Piz	
  Daint	
  
7	
   USA	
   Stampede	
  
8	
   Germany	
   JUQUEEN	
  
9	
   USA	
   Vulcan	
  
10	
   USA	
   ???	
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US-Japan Agreement 
	


5	

Yutaka Ishikawa, Shinya Tahata, Yoshio Kawaguchi, William Harrod, Peter Beckman	


Yoshio Kawaguchi (MEXT, Japan) and  William Harrod(DOE, USA)	

Yoshio	
  Kawaguchi	
  
Director	

Office for the Promotion of Computing Science,	

Research Promotion Bureau	

Ministry of Education, Culture, Sports, Science and Technology (MEXT)	


Shinya TAHATA	

Director for Information Science and Technology, Information Division, 	

Research Promotion Bureau	
  
Ministry of Education, Culture, Sports, Science and Technology (MEXT)	
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Europe:	
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China:	
  (currently	
  with	
  fastest	
  machine)	
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Chinese Tianhe-2 

32K	
  Intel	
  Ivy	
  Bridge	
  Xeon	
  Sockets	
  
48K	
  Intel	
  Phi	
  Sockets	
  
~3M	
  cores	
  
~55	
  PF/sec	
  peak	
  
~30	
  PF/sec	
  Linpack	
  
~24	
  MW	
  power	
  with	
  cooling	
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History of Supercomputer Performance 

1994	
   1996	
   1998	
   2000	
   2002	
   2004	
   2006	
   2008	
   2010	
   2012	
   2014	
   2016	
   2018	
   2020	
  

SUM	
  

N=1	
  

N=500	
  

1	
  Eflop/s	
  
100	
  Pflop/s	
  
10	
  Pflop/s	
  
1	
  Pflop/s	
  

100	
  Tflop/s	
  
10	
  Tflop/s	
  
1	
  Tflop/s	
  

100	
  Gflop/s	
  
10	
  Gflop/s	
  
1	
  Gflop/s	
  

100	
  Mflop/s	
  
	
  
	
  

Top	
  500	
  List	
  
9	
  Courtesy	
  of	
  Jack	
  Dongarra	
  &	
  Erich	
  Strohmaier	
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History of Supercomputer Performance 

1994	
   1996	
   1998	
   2000	
   2002	
   2004	
   2006	
   2008	
   2010	
   2012	
   2014	
   2016	
   2018	
   2020	
  

1	
  Eflop/s	
  
100	
  Pflop/s	
  
10	
  Pflop/s	
  
1	
  Pflop/s	
  

100	
  Tflop/s	
  
10	
  Tflop/s	
  
1	
  Tflop/s	
  

100	
  Gflop/s	
  
10	
  Gflop/s	
  
1	
  Gflop/s	
  

100	
  Mflop/s	
  
	
  
	
  

my	
  iPad	
  

my	
  Laptop	
  

10	
  
Top	
  500	
  List	
   Courtesy	
  of	
  Jack	
  Dongarra	
  &	
  Erich	
  Strohmaier	
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To Reach Exascale: Will There be a Revolution? 
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The Software in the Middle: 
The Forces of Change 

§ Memory	
  
§  Threads	
  
§ Messaging	
  
§ Resilience	
  
§ Power	
  

Co-­‐Design	
  Applica1ons	
  

FastForward	
  /	
  DesignForward	
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Memory: Technology Summary from Rob Schreiber 
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Memory will be local, and include NVRAM 

$	
   RAM	
   NVRAM	
  

§  Helps	
  reduce	
  power	
  
§  Helps	
  with	
  resilience	
  
§  Helps	
  with	
  cost	
  
§  Helps	
  with	
  Big	
  Data	
  (capacity)	
  



Pete Beckman   Argonne National Laboratory            15 

Great! Where is the Revolution? 
Programming Model and OS Interface: 

§  Need	
  dynamic	
  run-­‐1me	
  to	
  move	
  ‘pages’	
  between	
  
RAM	
  and	
  NVRAM	
  

§  Need	
  programming	
  model	
  that	
  can	
  hint	
  (or	
  manage)	
  
write-­‐once	
  and	
  read	
  only	
  &	
  data	
  movement	
  

§  Coherence	
  islands	
  
§  Add	
  persistence	
  to	
  programming	
  model	
  
§  Programming	
  model	
  for	
  PIM	
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Threads/Tasks: Managing Exploding Parallelism 
§  Dynamic	
  parallelism	
  and	
  decomposi1on	
  

–  Programmer	
  cannot	
  hand-­‐pick	
  granularity	
  /	
  resource	
  mapping	
  
•  (equal	
  work	
  !=	
  equal	
  1me)	
  

From	
  Brian	
  Van	
  
Straalen	
  

Variability	
  is	
  the	
  new	
  norm:	
  
	
  Power	
  
	
  Resilience	
  
	
  Intranode	
  Conten1on	
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Google	
  (re-­‐discovers)	
  OS	
  Noise	
  &	
  ContenVon	
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Messaging (send/recv & put/get): 
Where is the Revolution?   
§  We	
  have	
  done	
  inter-­‐node	
  messaging	
  for	
  decades…	
  what	
  is	
  

new?	
  
§  Millions	
  of	
  outstanding	
  threads	
  (messages)	
  per	
  socket	
  to	
  hide	
  

latency	
  
§  Hardware	
  Wake-­‐On	
  Threads	
  (no	
  polling)	
  

–  BG/Q	
  
–  X86	
  Mwait	
  

§  Network	
  -­‐>	
  Cache/NVRAM	
  Injec1on	
  
§  New	
  OS/R	
  Interfaces	
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Fault Predictions are Hard 
What will be the Revolution?  

What	
  we	
  do	
  know:	
  
§  Driving	
  down	
  power	
  increases	
  faults	
  
§  Vendors	
  have	
  great	
  market	
  	
  incen1ve	
  to	
  

redesign	
  for	
  reliable	
  hardware	
  
§  Our	
  current	
  HPC	
  sotware	
  is	
  very	
  fragile	
  
§  We	
  should	
  improve	
  resilience	
  
§  Build	
  solu1ons	
  at	
  mul1ple	
  layers	
  

Example	
  PredicVon	
  from	
  2007	
  	
  

“Over	
  the	
  past	
  thirty	
  years	
  there	
  have	
  been	
  several	
  
predic1ons	
  of	
  the	
  eminent	
  cessa1on	
  of	
  the	
  rate	
  of	
  
improvement	
  in	
  computer	
  performance.	
  Every	
  such	
  
predic1on	
  was	
  wrong.	
  They	
  were	
  wrong	
  because	
  they	
  
hinged	
  on	
  unstated	
  assump1ons	
  that	
  were	
  overturned	
  
by	
  subsequent	
  events.”	
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Exploring	
  Power	
  and	
  Temp	
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  Seda	
  Öğrenci	
  Memik	
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Revolution Areas: 

§  Architecture	
  
§ Memory	
  
§  Threads	
  
§ Messaging	
  
§  Resilience	
  
§  Power	
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Questions?  (then time for some more fun topics) 


