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  GPUs are becoming massively parallel processors 
•  	
  35	
  supercomputers	
  use	
  GPUs	
  (3	
  in	
  Top10)	
  

  GPU performance and interconnect 
•  Thousands	
  of	
  threads	
  execute	
  simultaneously	
  	
  
•  Myriad	
  NoC	
  fetch	
  requests	
  are	
  generated	
  
•  ExponenDal	
  demand	
  of	
  NoC	
  bandwidth	
  and	
  latency	
  

  GPU power and heating issues 
•  ITRS	
  projects	
  80%	
  chip	
  power	
  goes	
  to	
  NoC	
  

  Major advancements in silicon nanophotonics 
•  Dense	
  wavelength	
  division	
  mulDplexed	
  
communicaDon	
  fast	
  links	
  

•  Minimal	
  dynamic	
  energy	
  consumpDon	
  

  Emerging GPGPU workloads  
•  Increasing	
  computaDon	
  loads	
  on	
  shaders	
  
•  Exert	
  more	
  data	
  traffic	
  on	
  NoC	
  

  Bursty network traffic 
•  Data	
  intensive	
  benches	
  causes	
  traffic	
  hotspots	
  

  Power and temperature hotspots 
•  NoC	
  is	
  one	
  of	
  the	
  hoQest	
  components	
  
	
  
	
  

   Resolution: 
•  Energy	
  efficient	
  silicon	
  nanophotonic	
  technology	
  
•  Fast	
  on-­‐chip	
  communicaDon	
  using	
  DWDM	
  links	
  
•  Interconnect	
  aware	
  thread	
  scheduling	
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Power	
  savings	
  using	
  nanophotonic	
  GPUs	
  

Performance	
  impact	
  of	
  nanophotonic	
  GPUs	
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NoC	
  Types	
   DescripXon	
   Channel	
  BW	
  

EM-­‐16B	
   Electrical	
  mesh	
  network	
   16	
  bytes	
  

OXS-­‐16B	
   OpDcal	
  crossbar	
  SWMR	
   16	
  bytes	
  

OXS-­‐32B	
   OpDcal	
  crossbar	
  SWMR	
   32	
  bytes	
  

OXS-­‐64B	
   OpDcal	
  crossbar	
  SWMR	
   64	
  bytes	
  

OXM-­‐16B	
   OpDcal	
  crossbar	
  MWSR	
   16	
  bytes	
  

OXM-­‐32B	
   OpDcal	
  crossbar	
  MWSR	
   32	
  bytes	
  

OXM-­‐64B	
   OpDcal	
  crossbar	
  MWSR	
   64	
  bytes	
  

  Are nanophotonic GPUs energy efficient ?  "
•  SWMR	
  saves	
  87%	
  power,	
  MWSR	
  saves	
  98%	
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•  Average	
  loss:	
  1%	
  (SWMR),	
  2%	
  (MWSR)	
  for	
  16B	
  BW	
  
•  Bursty	
  memory	
  intensive	
  workloads	
  benefit;	
  i.e.	
  
breadth-­‐first-­‐search	
  improves	
  by	
  17%	
  

   NoC adaptive thread scheduling performance 
•  Significantly	
  reduces	
  memory	
  miss	
  stall	
  
•  Bursty	
  memory	
  intensive	
  workloads	
  benefit;	
  i.e.	
  
breadth-­‐first-­‐search	
  (9%),	
  hybrid	
  sort	
  (5%)	
  

 

   Mitigating memory power/performance using 
nanophotonics memory interface in GPU  
•  Dynamic	
  and	
  staDc	
  scheduling	
  exploraDon	
  

   Exploration of overall system behavior  
•  Power-­‐performance	
  co-­‐opDmizaDon	
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  Class	
   DescripXon	
  
Non	
  Commit	
   No	
  warp	
  with	
  the	
  PC	
  of	
  this	
  type	
  ever	
  commiQed	
  	
  
ALU	
   Warp	
  with	
  the	
  PC	
  of	
  this	
  type	
  has	
  non-­‐memory	
  instrucDons	
  
Memory	
   Warp	
  with	
  the	
  PC	
  of	
  this	
  type	
  has	
  memory	
  instrucDon	
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Roun-­‐robin	
  IPC	
  
Interconnect	
  Aware	
  Scheduling	
  IPC	
  
Memory	
  Stall	
  ReducXon	
  

Performance	
  of	
  warp	
  scheduler	
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GPU	
  with	
  16	
  shader	
  cores	
  and	
  8	
  
memory	
  controllers	
  running	
  matrix	
  

transpose	
  workload.	
  

Bursty	
  network	
  traffic	
  
exacerbates	
  overall	
  

network	
  performances!	
  

	
  	
  	
  3D	
  stacked	
  GPU	
  with	
  layers	
  for	
  shader	
  core,	
  caches,	
  network,	
  memory	
  interface	
  "
•  Network	
  layer	
  has	
  64	
  DWDM	
  based	
  SWMR/MWSR	
  crossbar	
  network	
  
•  At	
  5GHz	
  core	
  clock,	
  16	
  channels	
  achieve	
  40Tb/s	
  
•  StaDc	
  power	
  of	
  crossbar	
  is	
  0.33WaQs	
  
•  Dynamic	
  energy	
  of	
  crossbar	
  200fJ/b	
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•  Memory	
  accesses	
  are	
  categorized	
  by	
  thread-­‐batch	
  classificaDon	
  of	
  PC	
  
•  For	
  known	
  classes	
  of	
  PC,	
  decide	
  which	
  thread-­‐batch	
  to	
  schedule	
  if	
  network	
  is	
  

congested	
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