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Logic Synthesis And Optimization
 Traditional approach:

– Optimize AIG
– Map to technology

 Assumption:

Minimizing the AIG
size correlates with 
reduced area after 

mapping 
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Pitfalls Of The Traditional Approach
 High-effort traditional optimization

– Iterative AIG optimization
– Map each AIG

 Empirical evidence:
– Anti-correlation
– Need for 

   technology
   awareness

   mem_ctrl            log2

         sin system_caes
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Moving Optimization 
To The Mapped Space

Idea:
Can we optimize a 

circuit directly in the 
mapped space? 
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Technology Mapping [1]

 Technology mapping:
– Perform covering using structural cuts
– Based on supergates
– Uses load-independent model

 Remark
  covering is almost entirely
  based on structural information

[1] Chatterjee et al. Reducing structural bias in technology mapping, 
     International Conference on Computer-Aided Design, ICCAD 2005
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Dependency Cuts [2]

 Dependency cuts:
– Based on functional information
– Representation-independent concept
– More general than structural cuts

[2] Hong et al., “Functional Dependency For Verification Reduction”, 
     Computer Aided Verification, CAV 2004
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The Method In A Nutshell
 Method

– Find a dependency cut
– Extract the functionality
– Look-up a database of supergates

 Remarks:
– Non-structural cuts
– Non-local optimization
– In the mapped space
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Find Dependency Cuts

The nodes in a cut contain enough information to 
resynthesize the target node

Structural cuts:
simple enumeration

Non-structural cuts:
problem mapped to a 
set-covering problem

 Window-based: exhaustive simulation
 Simulation-based: signatures
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Build A Database

Zero-cost inverters 
(AIG, XAIG, MIG):

 NPN canonization
 Exact synthesis

Standard-Cell
Libraries:

 P canonization
 Map compact AIG

 Goal: 
– Optimize for area
– Preserve delay constraints

 Not necessary to use optimum-area supergates
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Boolean Matching With Don’t Cares
 Don’t cares: input patterns not appearing at the cut
 On average 2 don’t cares → 4 functions
 Method:

– Enumerate all the functions
– Choose the one resulting in smallest area
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Post-Mapping Area-Oriented 
Optimization
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Bridging Rewriting And Resubstitution
 Question:

  Can non-structural dependency cuts improve rewriting?

 Experiment:
– Rewrite: 9 structural cuts per node
– Rewrub: 8 structural + 1 non-structural cut per node
– Each applied twice on non-optimized networks
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Optimizing Networks Mapped From 
Different AIGs

 Optimize networks mapped from
– Unoptimized AIGs
– Highly-optimized AIGs

 In some benchmarks
– Better results from 

unoptimized AIGs
– Recover area from 

anti-correlation
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Optimizing Area With Delay Constraints
 2.81% after area-oriented AIG optimization and mapping
 No delay increase
 Even better results for more realistic settings
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Mapped Design Space Exploration
 Compare:

– Iterative optimization
– Map-unmap-optimize

 Trick allowing for further improvements
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Conclusions
 We proposed a post-mapping optimizer
 The method preserves delay
 The method combines:

– Structural cuts
– Non-structural cuts

 Enables aggressive post-mapping optimization

Thank You!
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