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Why	
  CGRA?	
  

•  Stringent	
  processor	
  energy	
  
constraints	
  (Dark	
  Silicon)	
  

•  Heterogeneous	
  mul%-­‐cores	
  
(cores	
  +	
  accelerators)	
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Typical	
  CGRAs	
  Are	
  Sta%cally	
  Scheduled	
  	
  

•  Each	
  opera%on	
  &	
  transfer	
  
predefined	
  on	
  each	
  cycle	
  

•  Similar	
  to	
  VLIW	
  

•  E.g.,	
  Mei	
  et	
  al.’s	
  ADRES	
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Sta%c	
  vs.	
  Dynamic	
  Scheduling	
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Dynamically	
  Scheduled	
  Elas%c	
  CGRAs	
  

•  Dynamic	
  superscalar-­‐like	
  
scheduling	
  

•  Tolerant	
  to	
  variable	
  latency	
  
•  But	
  very	
  low	
  area/energy	
  
overhead	
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Outline	
  

•  Elas%c	
  Circuit	
  (brief	
  overview)	
  	
  

•  Elas%c	
  CGRA	
  design	
  

•  Results	
  

•  Future	
  work	
  and	
  conclusion	
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Asynchronous-­‐
like	
  behavior	
  
using	
  a	
  
synchronous	
  
design	
  

Elas%c	
  Circuit	
  
Jacobson	
  et	
  al	
  .	
  2002	
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Transform	
  Code	
  to	
  Elas%c	
  Circuit	
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Elas%c	
  Circuit	
  Elements	
  

Elas%c	
  Buffer	
  (EB)	
  
Eager	
  Fork	
  (EF)	
  

Join	
  (JO)	
   Merge	
  (MG)	
   Branch	
  (BR)	
  

Jacobson	
  et.al	
  .2002	
  
Cortadella	
  et.al	
  .2006	
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Outline	
  

•  Elas%c	
  Circuit	
  (brief	
  review)	
  

•  Elas%c	
  CGRA	
  design	
  

•  Results	
  

•  Future	
  work	
  and	
  conclusion	
  



Elas%c	
  CGRA	
  by	
  ICT	
  of	
  CAS,	
  INRIA	
  &	
  EPFL	
   11	
  

CGRA:	
  Reconfigurable	
  Unit	
  (RU)	
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CGRA:	
  Save	
  Area	
  by	
  Heterogeneity	
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CGRA:	
  Heterogeneous	
  RUs	
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CGRA:	
  Op%mize	
  RU	
  for	
  Delay	
  

rou%ng	
  delay	
  
included	
  only	
  once	
  
in	
  cri%cal	
  path	
  

rou%ng	
  delay	
  
included	
  	
  twice	
  in	
  

cri%cal	
  path	
  

place	
  EBs	
  at	
  the	
  
entrance	
  of	
  RU	
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Mapping	
  Code	
  onto	
  Elas%c	
  CGRA	
  

RU	
  config	
  RU	
  connec%on	
  

VPR	
   layout	
  of	
  RU	
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Outline	
  

•  Elas%c	
  Circuit	
  (brief	
  review)	
  

•  Elas%c	
  CGRA	
  design	
  

•  Results	
  

•  Future	
  work	
  and	
  conclusion	
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Comparison	
  Against	
  Sta%c	
  CGRA	
  

•  Baseline	
  sta%c	
  CGRA	
  
controlled	
  by	
  
instruc%on	
  memory	
  
(2bit	
  x	
  64	
  inst)	
  

•  Same	
  RU	
  placement	
  
and	
  data	
  rou%ng	
  

•  Memory	
  accesses	
  
always	
  complete	
  in	
  
one	
  cycle	
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Layout	
  of	
  Abucng	
  Elas%c	
  Tile	
  

Data	
  s-­‐box	
  ALU	
  unit	
  

Config.	
  

•  Layout	
  with	
  
Synopsys	
  DC/
ICC/PT	
  

•  TSMC	
  65nm	
  

Ctrl	
  s-­‐box	
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Area	
  Results	
  

•  Negligible	
  overhead	
  due	
  to	
  elas%c	
  control	
  logic	
  
•  Small	
  overhead	
  due	
  to	
  elas%c	
  control	
  rou%ng	
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Energy	
  Results	
  

•  Limited	
  energy	
  overhead	
   sta%c	
   elas%c	
  



Elas%c	
  CGRA	
  by	
  ICT	
  of	
  CAS,	
  INRIA	
  &	
  EPFL	
   21	
  

Timing	
  Results	
  

•  Slight	
  cri%cal	
  path	
  increase	
  due	
  to	
  area	
  increase	
  
sta%c	
   elas%c	
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Conclusion	
  &	
  Future	
  Work	
  

Take	
  away:	
  	
  

Superscalar-­‐like	
  dynamically	
  scheduled	
  CGRAs,	
  but	
  
with	
  limited	
  area/energy/%me	
  overhead	
  

Future	
  work:	
  

•  Boost	
  u%liza%on	
  using	
  standard	
  compiler	
  
techniques	
  

•  Inves%gate	
  inclusion	
  of	
  local	
  memories	
  

•  Tape-­‐out	
  



Thank	
  you!	
  
Elastic CGRA: superscalar-like dynamic 
scheduling with limited overhead 
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Area	
  Results	
  

•  Negligible	
  overhead	
  due	
  to	
  elas%c	
  control	
  logic	
  
•  Small	
  overhead	
  due	
  to	
  elas%c	
  control	
  rou%ng	
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Energy	
  Results	
  

•  Limited	
  energy	
  overhead	
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Timing	
  Results	
  

•  Slight	
  cri%cal	
  path	
  increase	
  due	
  to	
  area	
  increase	
  


