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Solve chip design 
problems using big 
data and machine 
learning 



BIG! FAST! CAPABLE! 

Device	
  Family	
  	
   	
  Stra5x	
  	
  Stra5x	
  II	
  	
   	
  Stra5x	
  III	
   	
  Stra5x	
  IV	
   	
  Stra5x	
  V	
   	
  Stra5x	
  10	
  
Year	
  of	
  introduc5on	
   	
  2002	
   	
  2004	
   	
  2006	
   	
  2008	
   	
  2010	
   	
  2013	
  
Process	
  technology	
   	
  130	
  nm	
   	
  90	
  nm	
  	
  65	
  nm	
  	
  40	
  nm	
  	
  28	
  nm	
  	
  14	
  nm	
  	
  

# of Logic 
Elements 

1.19M	
  

820K	
  
338K	
  180K	
  79K	
  

4M	
  



Meet	
  ,ming	
  FAST! 
Lower	
  power	
  CAPABLE! 

FPGA Engineers 

Congestion 

FPGAs 

Reduce	
  Cost	
  BIG! 



How	
  to	
  meet	
  5ming?	
  

1.   Modify	
  your	
  RTL	
  

–  Another	
  verifica5on	
  cycle	
  is	
  required	
  
•  IP	
  management	
  risk	
  is	
  increased	
  

–  Is	
  the	
  source	
  code	
  even	
  available?	
  
•  Is	
  the	
  RTL	
  allowed	
  to	
  be	
  modified?	
  

2.	
  Tweak	
  Synthesis+P&R	
  seEngs 	
  	
  
– Which	
  parameters	
  to	
  change?	
  
– What	
  is	
  a	
  good	
  value	
  to	
  choose	
  for	
  the	
  parameter?	
  
–  Can	
  we	
  even	
  cover	
  all	
  possible	
  cases?	
  



•  Modify	
  your	
  RTL	
  /	
  constraints	
  
	
  
	
  

• Tweak	
  Synthesis	
  /	
  P	
  &	
  R	
  seEngs	
  
	
  
	
  

•  Move	
  to	
  a	
  larger	
  FPGA	
  



Placement	
  Seed	
  Explora5on	
  

“Seeds”	
  -­‐	
  Blind	
  brute	
  force	
  aeempt.	
  
Results	
  must	
  be	
  zero	
  to	
  pass	
  

FAIL!	
  	
  



Intelligent	
  Explora5on	
  
Using	
  op5mal	
  groups	
  of	
  Synthesis	
  /	
  P	
  &	
  R	
  sehngs,	
  

you	
  can	
  achieve	
  beeer	
  results.	
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How	
  do	
  we	
  do	
  it?	
  
1.	
  Cloud	
  Compu5ng	
  
– Compu5ng	
  costs	
  have	
  fallen	
  drama5cally!	
  
•  Google	
  Compute	
  Node	
  à	
  5—10c/hr	
  

– Mul5ple	
  CAD	
  tool	
  runs	
  are	
  completely	
  parallel	
  
•  High	
  machine	
  u5liza5on	
  

2.	
  Machine	
  Learning	
  
– We	
  automate	
  the	
  “learning”	
  process	
  
– What	
  tool	
  op5ons	
  work	
  for	
  	
  

(1)	
  this	
  design,	
  	
  
(2)	
  this	
  constraint,	
  and	
  	
  
(3)	
  this	
  FPGA	
  device	
  



Naïve	
  Bayes	
  Classifica5on	
  

Probability	
  of	
  gehng	
  a	
  good	
  result,	
  
given	
  that	
  sehng	
  CONFIG	
  is	
  set	
  to	
  “X”?	
  

	
  
	
  
	
  

p(	
  good	
  |	
  CONFIG=“X”	
  )	
   	
  = 	
  p(CONFIG=“X”	
  |	
  good)	
  p(good)	
  
	
  	
   	
   	
  	
   	
   	
  	
   	
   	
  	
  

Probability	
  of	
  CONFIG	
  being	
  “X”	
  

Probability	
  of	
  a	
  good	
  result	
  Probability	
  of	
  CONFIG	
  being	
  “X”	
  given	
  a	
  good	
  result	
  

p(CONFIG=“X”)	
  



Tradeoffs	
  

•  Advantages	
  
– Fast	
  to	
  classify	
  
– Not	
  sensi5ve	
  to	
  irrelevant	
  features	
  
– Handles	
  real	
  and	
  discrete	
  data	
  

•  Disadvantages	
  
– Assumes	
  feature	
  independence	
  
– Can	
  perform	
  pre-­‐filtering	
  using	
  techniques	
  such	
  as	
  
PCA,	
  etc	
  

•  And,	
  there	
  are	
  other	
  ML-­‐based	
  approaches…	
  



Effect	
  of	
  using	
  InTime	
  (Round	
  1)	
  



Effect	
  of	
  using	
  InTime	
  (Round	
  2)	
  

PASS!	
  	
  
7	
  results!	
  



Other	
  features	
  of	
  InTime	
  



Conclusions	
  

•  Meet	
  design	
  goals	
  without	
  modifying	
  the	
  design	
  
–  Changes	
  affect	
  other	
  parts	
  of	
  the	
  system.	
  	
  Minimize	
  
changes	
  with	
  data	
  analy5cs	
  

•  	
  Make	
  your	
  FPGA	
  tools	
  work	
  harder	
  
– Under-­‐u5lized	
  features,	
  yearly	
  releases,	
  	
  hard	
  to	
  fully	
  
understand	
  all	
  new	
  improvements.	
  

– Untapped	
  performance	
  gains	
  up	
  to	
  20%	
  

•  People	
  are	
  valuable,	
  machines	
  are	
  cheap	
  
–  Focus	
  on	
  other	
  important	
  issues	
  (or	
  go	
  home	
  early!)	
  


