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MulL-‐Output	  AICs	  
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Ø  MulLple	  Outputs	  
Ø  Fracturable	  Structure	  
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MulL-‐Output:	  LUTs	  vs.	  AICs	  	  
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AICs	  SpecificaLons	  

Block	   inputs	   outputs	   2:1	  mux	   Config	  bits	  

2-‐AIC	   4	   1	   3	   3	  

3-‐AIC	   8	   3	   7	   7	  

4-‐AIC	   16	   7	   15	   15	  

5-‐AIC	   32	   15	   31	   31	  

6-‐AIC	   64	   31	   63	   63	  

6-‐LUT	   6	   1	   63	   64	  
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≈	  configuraLon	  

6-‐AIC	  can	  implement	  larger	  and	  mulLple	  funcLons	  



AICs	  SpecificaLons	  

Block	   inputs	   outputs	   2:1	  mux	   Config	  bits	  

2-‐AIC	   4	   1	   3	   3	  

3-‐AIC	   8	   3	   7	   7	  

4-‐AIC	   16	   7	   15	   15	  

5-‐AIC	   32	   15	   31	   31	  

6-‐AIC	   64	   31	   63	   63	  
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≈	  input	  counts	   3-‐AIC	  is	  smaller	  
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Graph-‐based	  TransformaLons	  

Step1:	  Nodes	  ReplicaLon	  
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Graph-‐based	  TransformaLons	  
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Mapping	  AIG	  Subgraphs	  to	  AICs	  
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Perfect	  Binary	  Tree	  
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Technology	  Mapping	  
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Best	  

ExtracLng	  Feasible	  Cones	  

Forward	  Traversal	  

Backward	  Traversal	  



What	  is	  the	  difference?	  

•  Depth	  feasible	  cones	  
– Rather	  than	  k-‐feasible	  cones	  

•  MulL-‐output	  cones	  
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AIC	  Mapping	  LUT	  Mapping	  
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Average	  over	  all	  benchmarks	  
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64	  
Ø  Three	  	  6-‐AICs	  

	  	  	  	  	  	  	  	  or	  
Ø  Six	  	  5-‐AICs	  

	  	  	  	  	  	  	  	  	  or	  
Ø  Twelve	  	  4-‐AICs	  

	  	  	  	  	  	  	  	  	  or	  
Ø  Twenty-‐four	  	  3-‐AICs	  
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Experiments	  

•  Altera	  StraLx	  III	  as	  the	  reference	  architecture	  
– LAB	  with	  10	  ALMs	  

•  Area	  model	  
– Transistor	  level	  
–  In	  terms	  of	  minimum-‐width	  transistors	  

•  Delay	  model	  
– SPICE	  simulaLon	  
– Feedback	  for	  the	  mapping	  

•  VPR-‐6	  with	  AAPack	  
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Experiments	  

•  Scenarios	  
– Normal	  FPGA	  

•  LUT	  clusters	  (LAB)	  
– Hybrid	  FPGA	  

•  Both	  LUT	  and	  AIC	  clusters	  
•  Fixed	  raLo	  of	  clusters	  (1:4)	  

– AIC-‐based	  FPGA	  
•  Only	  AIC	  clusters	  

•  MCNC	  Benchmarks	  
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≈	  on	  average,	  AIC-‐Only	  logic	  delay	  is	  28%	  less	  than	  LUT-‐Only	  
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Wire	  Delay	  ComputaLon	  

Logic	  Block	  	   Intra-‐cluster	  Wires	  

LUT	   50%	  

6-‐AIC	   34%	  

LUT/6-‐AIC	   35%	  

LUT/5-‐AIC	   37%	  

LUT/4-‐AIC	   38%	  

LUT/3-‐AIC	   40%	  
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€ 

Delay(wire) =
Delay(intra)× Percentage(intra)+ Delay(inter)× Percentage(inter)

2



Total	  Delay	  (Geometric	  Mean)	  
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Area	  (Clusters)	  
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≈	  on	  average,	  LUT/5-‐AIC	  has	  16%	  less	  area	  than	  LUT-‐Only	  



Conclusions	  

•  Post-‐synthesis	  inspired	  logic-‐block	  
– AIC:	  maps	  arbitrary	  AIG	  subgraphs	  

•  32%	  saving	  in	  delay	  
– Rough	  esLmaLon	  of	  rouLng	  delay	  

•  16%	  area	  reducLon	  
•  Few	  design	  points	  explored!	  

– RouLng	  network	  tailored	  for	  AICs	  
– Logic	  matching	  targeLng	  AICs	  
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Thanks	  for	  your	  aTenLon.	  

hadi.parandehafshar@epfl.ch	  
	  



Future	  ExploraLons	  

•  AICs	  as	  shadow	  Logic	  of	  FPGA	  Blocks	  
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Shadow	  Logic	  
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LUT	  

LUT	  

LUT	  

LUT	  

AIC	  

Shadow	  of	  LUT	  Cluster	  
≤	  5%	  area	  overhead	  

AIC	  

DSP	  

Shadow	  of	  DSP	  Block	  Shadow	  



Future	  ExploraLons	  

•  AICs	  as	  shadow	  logic	  of	  	  FPGA	  Blocks	  

•  OpLmized	  rouLng	  

– Clustering	  

– Cluster	  Bandwidth	  

– Crossbar	  
•  Area	  recovery	  during	  mapping	  
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AIC	  Cluster	  Example	  
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Input	  Crossbar	  Scenarios	  
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Area	  of	  LUT	  and	  AIC	  Clusters	  
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Delay	  Paths	  of	  AIC	  Cluster	  
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Wire	  Length	  
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