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The Mira system 
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Mira	
  Sta(s(cs	
  

10	
  PF	
  Peak	
   8.1	
  PF	
  HPL	
  

48	
  Racks	
   48K	
  compute	
  nodes	
  

768K	
  cores	
   3.1	
  B	
  threads	
  

768	
  TB	
  memory	
   16	
  GB	
  memory	
  per	
  node	
  

28	
  PB	
  disk	
   240	
  GB/s	
  

4.8MW	
  peak	
   48	
  racks	
  at	
  100kw	
  each	
  



LLNL power measurement locations 
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  Points	
  

9167.7	
  kW	
  

9131.1	
  kW	
  

Average	
  Power	
  

Delta:	
  0.4%	
  

Conclusion:	
  IBM	
  BPM	
  meets	
  Aspect	
  4	
  
requirements	
  for	
  L3	
  submission.	
  



Mira 480V compute power distribution system 
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Data is very different between measuring points 
Correlating it is non-trivial! 
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Panels	
  (10)	
   BPMs	
  (1728)	
   DCAs	
  (3072)	
  

Frequency*	
   5	
  mins	
   ~5	
  mins	
   560	
  ms	
  

Coverage	
   5	
  racks	
  per	
  panel	
   9	
  per	
  256	
  nodes	
  
36	
  per	
  rack	
  

2	
  per	
  32	
  nodes	
  
64	
  per	
  rack	
  

Data	
  per	
  
measuring	
  point	
  

phase	
  A,	
  phase	
  B,	
  
phase	
  C	
  	
  
3	
  points	
  

input,	
  output	
  
current,	
  voltage	
  

4	
  points	
  	
  

7	
  voltage	
  domains	
  
current,	
  voltage	
  	
  

14	
  points	
  

Data	
  points	
  per	
  	
  
full	
  system	
  

measurement	
  

30	
  per	
  
measurement	
  
360	
  per	
  hour	
  

6,912	
  per	
  
measurement	
  
82,944	
  per	
  hour	
  

43,008	
  per	
  measurement	
  
~276,480,000	
  per	
  hour	
  

Benefit	
   Cost	
  accoun6ng	
  
Tracking	
  BPM	
  
efficiency,	
  
monitoring	
  

App	
  power	
  signature,	
  
impact	
  of	
  changes	
  to	
  algo,	
  
next	
  genera6on	
  research	
  

*	
  Current	
  frequency	
  of	
  measurements	
  



DC power information 

§  Domains:	
  
–  Domain	
  1	
  (0.8V):	
  BQC	
  core	
  logic	
  power	
  
–  Domain	
  2	
  (1.4V):	
  DDR3	
  SDRAM,	
  BQC	
  DDR3	
  I/O	
  
–  Domain	
  3	
  (2.5V):	
  Op6cal	
  module	
  power	
  
–  Domain	
  4	
  (3.3V):	
  Op6cal	
  module	
  power	
  
–  Domain	
  6	
  (1.5V):	
  BQC	
  and	
  BGL	
  HSS	
  I/O	
  
–  Domain	
  7	
  (0.9V):	
  BQC	
  core	
  array	
  power	
  
–  Domain	
  8	
  (1.08V):	
  BQL	
  core	
  power	
  

§  New	
  firmware	
  coming	
  to	
  improve	
  these	
  measurements:	
  
–  Measures	
  2000	
  6mes	
  per	
  second	
  
–  Provide	
  integrated	
  cumula6ve	
  energy	
  	
  

§  Go	
  see	
  Paul	
  Coteus’	
  talk	
  tonight	
  for	
  the	
  gory	
  details:	
  
Power	
  and	
  Energy	
  Measurement	
  and	
  Modeling	
  on	
  the	
  Path	
  to	
  Exascale	
  BoF	
  
5:30pm	
  to	
  7:00pm,	
  255-­‐EF	
  
Last	
  talk	
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BG/Q Power Monitoring library 
Venkatram	
  Vishwanath,	
  Susan	
  Coghlan,	
  Vitali	
  Morozov,	
  Kalyan	
  Kumaran,	
  Michael	
  E.	
  
Papka,	
  with	
  much	
  assistance	
  from	
  Paul	
  Coteus	
  and	
  Yutaka	
  Sugawara	
  at	
  IBM	
  

§  Captures	
  applica6on	
  power	
  profile	
  	
  
–  Currently	
  only	
  MPI,	
  SPI	
  coming	
  later	
  

§  Simple	
  to	
  use	
  
–  Call	
  PMQ_Ini6alize	
  ()	
  aler	
  MPI_Init	
  
–  Call	
  PMQ_Finalize()	
  before	
  MPI_Finalize	
  
–  Link	
  with	
  library	
  

§  CSV	
  summarized,	
  each	
  nodeboard,	
  each	
  6me	
  step	
  	
  
–  Time	
  stamp	
  (NEW),	
  Ticks	
  since	
  job	
  boot	
  using	
  H/w	
  counters,	
  
–  Row,	
  Column,	
  Midplane,	
  Nodeboard,	
  
–  Total	
  of	
  current*voltage	
  for	
  all	
  domains,	
  
–  Current*	
  voltage	
  for	
  each	
  domain	
  

§  Background	
  
–  Low	
  overhead	
  (0.2%)	
  

§  Compa6ble	
  with	
  1	
  to	
  64	
  MPI	
  ranks	
  per	
  node	
  
§  Will	
  be	
  available	
  as	
  open	
  source	
  to	
  the	
  community	
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Data samples from each type of measuring point 
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Distribu6on	
  Panel:	
  Excel	
  spreadsheet,	
  tab	
  per	
  panel	
  

BGQ	
  Power	
  Monitoring	
  Library:	
  csv	
  files,	
  one	
  per	
  nodeboard	
  

BPM:	
  text	
  file,	
  one	
  per	
  6me	
  step	
  
*	
  P(W)	
  =	
  √3	
  ×	
  PF	
  ×	
  I(A)	
  ×	
  VL-­‐L(V)	
  

*	
  



Comparisons 
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Panels	
   BPMs	
  

Graph500	
   Input	
   Output	
  

WaXs	
  (Avg)	
   2,268,402	
   2,313,827	
  (1.02%)	
   2,170,254	
  (93.8%)	
  

WaXs	
  (Max)	
   2,576,211	
   2,912,640	
  (1.13%)	
   2,670,385	
  (91.7%)	
  

WaXs	
  (Min)	
   1,617,708	
   1,516,627	
  (93.8%)	
   1,401,202	
  (92.4%)	
  

WaX/hrs	
   4,725,838	
   4,851,908	
  (1.03%)	
   4,552,176	
  (93.8%)	
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