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Memory: Algorithm-Level Tolerance 

•  Weights	
  are	
  zero-­‐mean	
  Gaussians	
  (regulariza5on)	
  
–  Small	
  magnitude,	
  random	
  sign	
  (worst-­‐case	
  in	
  TC)	
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Memory: Algorithm-Level Tolerance 
Two’s	
  Compliment	
  (TC)	
  
-1: 11111111
+1: 00000001

Sign-­‐Magnitude	
  (SM)	
  
-1: 10000001
+1: 00000001

•  Weights	
  are	
  zero-­‐mean	
  Gaussians	
  (regulariza5on)	
  
–  Small	
  magnitude,	
  random	
  sign	
  (worst-­‐case	
  in	
  TC)	
  

•  Sign-­‐Magnitude	
  (SM)	
  reduces	
  switching	
  in	
  weights	
  
–  Lowers	
  switched	
  cap	
  (power)	
  and	
  bit	
  error	
  rate	
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•  Algorithmic	
  error	
  tolerance	
  in	
  datapath	
  is	
  poor	
  
–  Errors	
  are	
  persistent	
  in	
  accumulator	
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  error	
  tolerance	
  using	
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  borrowing	
  
–  Single-­‐sided	
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  path	
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  register	
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•  DNN	
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•  Measurement	
  Results	
  
	
  

•  Summary	
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•  FC-­‐DNN	
  784-­‐256-­‐256-­‐256-­‐10	
  (98.36%	
  MNIST)	
  

Si
gn
-­‐o
ff	
  

VDD Scaling (FCLK = 667MHz)

Ti
m

in
g 

V
io

la
tio

n 
R

at
e

P
ow

er
 (m

W
)

TC
SM



 
14.3: A 28nm SoC with a 1.2GHz 568nJ/Prediction Sparse Deep-Neural-Network Engine 

with >0.1 Timing Error Rate Tolerance for IoT Applications  
© 2017 IEEE  
International Solid-State Circuits Conference 58 of 86 

Razor Voltage Scaling 
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  at	
  PoFF	
  (770mV)	
  lowers	
  power	
  by	
  30%	
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Timing Error Tolerance Summary 

•  Aggregate	
  5ming	
  viola5on	
  rate	
  greater	
  than	
  10-­‐1	
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Summary and Conclusion 

•  DNN	
  Engine	
  –	
  A	
  Shared	
  Programmable	
  Classifier	
  
–  Parallelism:	
  10X	
  Data	
  Reuse	
  @	
  128b/cycle	
  BW	
  
–  Sparsity:	
  +4X	
  Throughput,	
  -­‐4X	
  Energy	
  
–  Resilience:	
  +50%	
  Throughput	
  or	
  -­‐30%	
  Energy	
  w/Razor	
  

•  Energy	
  Efficient	
  DNN	
  
–  568	
  nJ/pred	
  @	
  1.2	
  GHz	
  

•  Timing	
  Error	
  Tolerance	
  
–  Pe	
  >10-­‐1	
  @	
  98.36%	
  (MNIST)	
  



 
14.3: A 28nm SoC with a 1.2GHz 568nJ/Prediction Sparse Deep-Neural-Network Engine 

with >0.1 Timing Error Rate Tolerance for IoT Applications  
© 2017 IEEE  
International Solid-State Circuits Conference 67 of 86 


